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Durine the last decade a revolution in opinion has 
taken place in Great Britain with regard to the size 
of locomotive boilers. It has been more and more 
recognized that the power of a locomotive is limited 
by the amount of steam which the boiler can supply, 
and in this respect there is a tendency to fall into line 
with American practice where large boilers are the 
rule. In this article the writer proposes to trace the 
relation between the size of the boiler and the power 
developed by the locomotive. 

Before proceeding any further, it may be as well 
to review briefly the conditions under which the loco- 
motive boiler has to work. In the first place, owing 
to restrictions of space and weight, it must be an 
enormously rapid steam generator. This necessitates 
a large area of heating surface compared with the 
amount of water carried in the boiler. Secondly, owing 
to the small space available for the grate, a high rate 
of combustion must be maintained. This latter condi- 
tion is rendered possible by the action of the blast 
pipe, and also by the very efficient circulation pro- 
moted by the vibration of the engine. It is impossible 
to get the same rate of combustion on land boftlers as 
on locomotives, owing to the water being unable to 
take up the heat sufficiently quickly, the result being 
unequal expansion, local overheating, and consequent 
leakage. It is this very efficient circulation, which, by 
enabling the water to take up the bulk of the heat 
offered, maintains the efficiency of the locomotive 
boiler at a level vying with the best land and marine 
boilers in spite of the distinctly unfavorable conditions 
for economical fuel consumption. 

In laying out the design of a boiler it will be found 
that the leading dimensions are governed almost en- 
tirely by the wheel arrangement of the engine, and, in 
the case of large boilers, by the limits imposed by the 
loading gage. The length of the boiler must be con- 
sidered in conjunction with the wheel-base. The front 
tube-plate is generally level with the back of the cylin- 
ders, and the length of the barrel is fixed, in the case 
of four or six coupled inside cylinder engines, by the 
amount of room required for the cranks. This gener- 
ally necessitates the fire-box being sloped up at the 
back to clear the trailing axle, although, in the case of 
small engines with a short fire-box, it is sometimes 
feasible to drop the fire-box between the axles. The 
height of the boiler will be governed by the relation 
of its diameter to the size of the driving wheels, 
although sometimes a boiler may have to be raised in 
order to get sufficient depth for the fire-box when the 
latter is carried over one of the axles, and the diameter 
of the wheels is large. The diameter of the boiler is 
generally as small as is consistent with obtaining 
sufficient room for.the tubes, the number and diameter 
of which will depend on the heating surface required. 

The power developed by a locomotive boiler is lim- 
ited chiefly by the size of the grate, and by the 
maximum rate of coal consumption. As regards 
the latter point, the writer was recently afforded 
opportunities of noticing the rate of firing on 
express trains, and as a result of his observations he 
is enabled to state that the rate of coal consumption 
reached as high a value as 150 pounds per square foot 
per hour for a period of 10 minutes, the average on a 
non-stop run of 90 minutes duration being 90 pounds 
per square foot per hour. The size of the grate ‘was 
21.6 square feet, and the load behind the tender was 
300 tons, the average booked speed being 45 miles per 
hour. 

The amount of water required by a locomotive is 
usually stated as being from 22 to 30 pounds per I.H.P. 
hour, the rather excessive amount being generally 
credited to the very wet steam which the locomotive 
boiler is accused of supplying, some authorities stating 
that the dryness fraction is as low as 60 per cent. In 
order to obtain some light on this debatable point the 
writer recently calculated the steam consumption from 
a set of indicator cards taken from an express engine, 
and, assuming different dryness fractions, plotted the 
cards on an entropy chart until the horse-power of 
the entropy diagram agreed with the horse-power of the 
actual card. As a result he found that the average 
wetness of the steam during admission did not exceed 
10 per cent even when working heavily with the regu- 
lator wide open. The steam consumption measured 
from the indicator cards varied between 10 and 18 
pounds per I.H.P. hour, the higher figure being for a 
cutoff of 25 per cent, hence the water consumption to 
be debited to the cylinders would be about 19 pounds 
per I.H.P. hour. Nevertheless, it is a fact that the 
water consumption as measured from the tender is from 
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22 to 25 pounds per I.H.P. hour and hence it is neces- 
sary to see what becomes of the remainder. Some of 
the steam is used by the injectors and also by the 
brake, and a certain amount is wasted at the safety- 
valves, and there is also a loss of water at the injector 
overflow. Reckoning that the steam used-by the injec- 
tor is 1 pound for every 10 pounds of water fed into 
the boiler, which means 2 pounds per I.H.P. hour 
accounted for by the injector, and putting the supply 
to brakes; waste at safety valves, and injector overflow, 
at 10 per cent of the total, say 2\%4 pounds per I.H.P. 
hour, we have: 

Steam used by cylinders per I.H.P. hour=19 Ibs. 
Steam used by injector per I.H.P. hour= 2 _ Ibs. 
Steam used by brakes, etc............... = 2% Ibs. 


As, however, the chief demand made of the boiler 
while running is that of the engine, the brakes and 
safety valve losses only occurring as a rule when steam 
is shut off, we shall be justified in assuming that the 
average call for steam is 21 pounds per I.H.P. hour, 

The evaporative power of the boiler is generally 
given in pounds of water evaporated from feed tem- 
perature per square foot of heating surface per hour, 
and depends on the rate of coal consumption and the 
ratio of heating surface to grate area. This ratio 
varies between 60 and 100, the average being from 
75 to 80. With a ratio of less than 60, the flue area 
will probably be so much reduced as to require a sharp 
blast, as was exemplified in the oft quoted experiments 
on the French boiler, in which it was shown that for 
the same coal consumption the evaporation was ap- 
proximately the same with half the tubes plugged up 
as with all the tubes open. It does not generally seem 
to have been noticed, however, that from 50 to 80 per 
cent more draught was required to maintain the same 
coal consumption when half the tubes were plugged up. 
As regards the upper limit of the ratio, viz., 100, if this 
is obtained by crowding the tubes together or by mak- 
ing them of abnormal length the advantage will be 
more apparent than real. Crowding the tubes together 
obstructs the circulation of the water, and abnormal 
length will result in increased frictional resistance 
for the hot gases, and in addition the last foot or two 
ef length is not of much heating value owing to the 
reduced temperature of the gases. In the following 
investigation the ratio of heating surface to grate area 
will be taken as 75, that is to say the heating surface 
is seventy-five times the grate area. 

Before proceeding any further, it will be as well to 
calculate the amount of water evaporated per pound 
of coal, and to do this we will assume that the steam 
pressure is 170 pounds gage, the dryness fraction 0.9, 
the feed temperature 60 deg. F., and that the boiler 
efficiency is 70 per cent with coal having a calorific 
value of 14,000 B.T.U. 

From the steam tables the sensible and total heats 
of steam at 170 pounds gage, when evaporated from 
water at 60 deg. F., are 348 and 1136.3 B.T.U. respec- 
tively so that the heat required to evaporate 1 pound 
of steam of 0.9 dryness, 

1136.3 x .9 + 288 
— —_—— = 1051.5 B.T.U. 


10 
and the water evaporated by 1 pound of coal 
14,000 * .7 
= = 9.3 pounds. 
1051.5 


If ¢ be the coal consumption per square foot of 
grate per hour, then the evaporation per square foot 
of heating surface per hour 
93x 
— — = 0.124 x C pounds. 


= = 
75 
As the power exerted by a locomotive is generally 
given as so many pounds tractive force at a certain 
speed, it will be convenient to reduce the boiler power 
to its equivalent tractive force. To do this, it will be 
necessary to assume that the rate of evaporation is 
constant, although, strictly speaking, this is not the 
case, as the power of the boiler increases with the 
blast of the engine. 
Let T be the cylinder tractive force in pounds. 
1.H.P. be the cylinder indicated horse-power. 
V be the velocity in miles per hour. 


1.H.P. x 33,000 x 60 LH.P. 
Then T = = 376 ————- (1) 
5280 x V V 


A.M.INST.C.E. t 


If the grate area be denoted by G. we have, tak 
the steam consumption at 21 pounds per I.H.P., 
Gxc x 9.3 
= I.H.P. ( 
21 
substituting for I.H.P. in (1) 


375 X C XK 9.3 Gxc 
T= = 166 ( 
21V ' 
If H represents the heating surface, then (2) } _ 
comes 
sub 
EXH the 
= LEP. (4 chic 
21 
pot: 
FE being as before the evaporation per square foot ¢ unti 
heating surface per hour. Substituting (4) in (J of ; 
we get 
375 X EXH resi 
t= esp 
21x V wo! 
375 x 0.124 X H few 
Fift 
21x V 
revi 
CXH 
= 2.21 ———— (5 900 
ari 
By introducing a factor, say .85, representing nea] 
mechanical efficiency of the locomotive, and assigning yea 
a suitable value to C, we shall obtain expressions g dep! 
ing the available tractive force at the rails. f wer: 
instance, if the maximum coal consumption be put down 
120 pounds per square foot of grate per hour, then wat” 
T,=—0.85 T rem 
G 
= (0.85 X 166 x 120) — favor 
Sor 
G capal 
= 16,930 — (6 fron 
hoist i 
it could 
= (0.85 X 2.21 X 120) — shaft: 
power 
H bucke 
= 225 — (7) 
tilat ic 
where 7, is the available boiler tractive force. The ¢ 
In order to find the load that can be hauled, divide Come. 
the tractive force as given above by the resistance p now \ 
ton at the required speed, and the quotient wil! gig all or 
the gross load in tons. By inverting V and 7, and pug inerea 


ting 7, as the total resistance of the train, we can @ 3,000 


termine the velocity that will be acquired. At lo™ than ‘ 


velocities the tractive force as found above may «xceé limit | 
the tractive force of the engine as found in the usual of int 
way; of course, the lower value should be taken. water, 
As a numerical example let us take the case of The 
express engine working a train at a speed of 60 mile ture o 
per hour on the level, and suppose that the engine hai below 
at any 


a grate area of 20 square feet, and that the weight ¢ 
the engine and tender is 90 tons. Then, taking Eq year, | 
tion (6), we have as the total tractive force, of 1 de 


16,930 x 20 
T = 16,930 — = 5,643 pounas. 
Vv 60 from 9 
the sa 
At a speed of 60 miles per hour the resistance pcr 0 _ 
is about 16 pounds. Hence the gross load feet fo 
5643 surface 
=—— = 353 tons, would 
16 6,000 
and the net load behind the tender will be 353-90 inferre 
263 tons approximately, equal to twenty six-wheelt be ence 
vehicles. Such a load would probably be as much as am feet. 
engine having 18 x 26-inch cylinders could manage, @ The 
pecially if a side wind was blowing. Their ¢ 
The chief value of the big boiler lies in the fact tha the ter 
it carries so large a bulk of hot witer that, should # 158 deg 
steam pressure show a tendency to fall when neariti™m Ment n 
the top of a long bank, the feea can be shut off, tht No m 
temporarily increasing the boiler power by some 4 tures, b 
per cent, owing to the fact that the latent heat of eV ably ve 
oration only has to be supplied. With the modern Digg drawn 
boiler some three or four miles can be run with O@% lowed 
feed shut off without letting the water level dro) dag *metin 
gerously low. ers on t! 
For a similar reason it is advisable not to sacri When ; 
water space to heating surface in engines whicl: h® allowed 
to stop and start frequently. Such engines general heat as 
need to accelerate the speed rapidly, and it is of gr ae 
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use to be able to hold the injector off until speed has 
been attained, and the boiler can be filled up as soon 
as steam is shut off, this preventing the safety valves 
from lifting. 


In conclusion, the writer would cmphasize the fact 
that such calculations as .he above must not be re- 
garded as rigidly correct, as the conditions under which 
the locomotive works are continually changing. At the 
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same time the numerical constants inserted in the 
formul# given are such as to give loads which are 
within the power of an engine under distinctly adverse 
circumstances.—The Engineering Review. 


PRACTICAL LIMIT TO THE DEPTH OF MINES. 


WHAT THE STEAM PUMP HAS DONE. 


Tue exploration of the earth, beneath its surface, has 
been conducted almost exclusively for the practical pur- 
pose of discovering and obtaining useful and valuable 
substances. In former times common salt, gold, and 
the ores of silver, iron, tin, copper and lead were the 
chief objects of search. The value of coal, petroleum, 
potash salts and other minerals was not recognized 
until a comparatively recent period. The introduction 
of steam machinery and improved methods, and the 
steadily inereasing demand for mine products, have 
resuited in a prodigious development of mining, and 
especially of coal mining. In the past 100 years the 
wor'd’s annual production of coal has risen from a 
few million tons to more than a thousand million tons. 
Fifty years ago the value of ores mined annually 
greatly surpassed that of coal, but the relation is now 
reversed. The value of the coal mined annually ex- 
ceeds $2,500,000,000, while that of gold is only $450,- 
(00.00, and iron, silver, copper, lead, and tin follow in 
ar:pidly diminishing scale of value. Great depths are 
reached in some modern mining operations. Forty 
yea:s ago 1,600 feet was regarded as a remarkable 
dep'h for a mine shaft, and the methods then employed 
wer’ powerless to overcome the obstacles to further 
downward progress. The chief of these obstacles was 
wat-r, Which increased with the depth and could not be 
removed, except by drainage tunnels opening on the 
mountain side, below the level of the workings, in 
favorably situated mines. 

Some mines are now provided with machinery 
capable of pumping 700 cubic feet of water per minute 
fron. a depth of 1,000 feet or more. With primitive 
hoisting machinery only small quantities of material 
could be raised from great depths, but the deepest 
shafts are now equipped with machines of 800 horse- 
power, which in 90 seconds hoist six or eight huge 
buckets from depths exceeding 3,000 feet. 

Kyually great improvements have been mad» in ven- 
tilation, boring machinery, the use of explosives, etc. 
The old difficulties have been almost completely over- 
come, and mines which were abandoned long ago are 
now worked with profit, although the price of nearly 
all ores has fallen and the cost of labor has vastly 
increased. Many mines are now worked at depths of 
3,000 feet, and a few shafts have been sunk deeper 
than 5,000 feet. In view of this progress, the ultimate 
limit of depth in mining operations becomes a matter 
of interest. The obstacle to future progress is not 
water, but heat. 

The diurnal and annual fluctuations in the tempera- 
ture of soil and rock extend only from 60 to 100 feet 
below the surface. Below this level the temperature. 
at any given place, remains constant throughout the 
year, but increases with the depth at the average rate 
of 1 deg. F. for each 60 feet. In volcanic districts the 
temperature increases 1 deg. F. in descending 36 to 45 
feet, while near the sea and great and deep lakes 
from 90 to 225 feet of descent are required to produce 
the same rise in temperature. 

Assuming the average “geothermic gradient” of 60 
feet for 1 deg. F., and also assuming a local mean 
surface temperature of 50 deg. F., the temperature 
would be 100, 150 and 200 deg. F. at depths of 3,000, 
6,000 and 9,000 feet, respectively. Hence, it may be 
inferred that the temperature of boiling water would 
be encountered at an average depth of less than 10,000 
feet. 

The two deepest borings yet made are in Silesia. 
Their depths are 7,347 feet and about 6,500 feet, and 
the temperatures of their bottoms are 181.4 deg. F. and 
158 deg. F., which agree well with the general state- 
Ment made above. 

No man can work or remain long in such tempera- 
tures, but the temperatures of a mine can be consider- 
ably reduced by ventilation. The hot air is usually 
drawn from one shaft and the cold air is simply 
allowed to enter by another, but the cooling effect is 
Sometimes increased by the addition of powerful blow- 
*rs on the inlet shaft. Compressed air is also employed. 
When air under a pressure of 4 to 8 atmospheres is 
allowed to escape it absorbs in its expansion as much 
heat as was generated in its compression. But com- 
Pressed air is too costly to be employed, except in 
Special cases. For example, a gallery that has ad- 
vanced far beyond its fellows and is not connected 
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with them cannot be reached by the general ventilating 
current and must be cooled by a special ventilator or 
by compressed air. The refrigeration thus effected 
is limited by financial considerations, hence deep, 
isolated workings are the hottest parts of the mine. 
In order to determine the greatest depth at which 
mining can be carried on, we must first consider the 
temperatures which are encountered in the deepest 
mines now in operation. The deepest mine shafts are 
the Tamarack (6,070 feet) and Red Jacket (5,315 
feet) of the Lake Superior copper region. Here the 
proximity of the great lakes reduces the increase of 
temperature with depth to 1 deg. F. for each 209 feet, 
so that the temperature at the bottom of these very 
deep shafts is only about 93 deg. F. Mines having 
the normal geothermic gradient are better suited to 
our purpose. Depths ranging from 3,000 to 4,000 feet 
have been attained in French, Belgian, English and 


Saxon coal mines. The deepest European ore mine 
is the Adalbert mine in Bohemia (3,600 feet). The 
average natural temperature of-—the rock in these 


mines at depths between 3,300 and 4,000 feet is about 
113 deg. F. but it has been found possible to cool 
the face of the workings to 86 or even 82 deg. F. by- 
copious ventilation. The temperature of coal mines 
is further increased by oxidation, especially if the 
coal contains much sulphur, in which case it some- 
times ignites spontaneously in contact with moist 
air. 

The ventilating current is heated most rapidly dur- 
ing its passage over the breasts, or working faces, 
because the freshly exposed surfaces are the hottest 
parts of the mine, and the current, in consequence 
of its wider distribution, moves over them far less 
swiftly than it travels along the shafts and main gal- 
leries. To take an average example, air which enters 
an inlet shaft 3,300 feet deep, at a temperature of 
50 deg. F., will be heated to about 63 deg. F. in the 
shaft, to 72 deg. F. in the main galleries, to from 82 
to 90 deg. F. in the working galleries, and to from 
91 to 95 deg. F. in its passage from the workings to 
the outlet shaft. At isolated workings at these depths 
the temperature of the air sometimes exceeds 95 deg. 
F., even when special ventilators and compressed air 
are employed. : 

In Germany, regular mining operations cannot law- 
fully be carried on at a temperature above 104 deg. F., 
and only six hours of actual work can be required in 
a day of a miner working at temperatures above 82.4 
deg. F. To the uninitiated it would appear impos- 
sible to work at such temperatures, but the miner, 
who in these conditions usually wears only a light 
apron, does not suffer greatly from the heat, if the 
air is dry. The furnace rooms of steamships are 
much hotter than this. Hard labor is more difficult 
and fatiguing in moist air at 77 deg. F. than in very 
dry air at 95 deg. F. 

At a depth of 4,000 feet, where the natural tempera- 
ture of the rock is about 115 deg. F., large quantities 
of compressed air are required, in addition to a general 
ventilating current of 200 cubic feet per minute per 
man, to reduce the average temperature in front of 
the workings to 86 deg. F. No marked diminution 
of the average capacity for work is observed until the 
temperature exceeds this limit. The maintenance of 
this limit will become more and more difficult with 
increasing depth, and economically impossible at a 
depth of 5,000 feet, where the natural rock tempera- 
ture is nearly 140 deg. F. 

At a working temperature much above 86 deg. F., 
however, the efficiency of the miners will be so greatly 


, diminished (not to speak of governmental limitations 


of the hours of work) that very deep mines will be 
unable to compete with shallower ones unless ma- 
chinery is substituted for the pick and shovel. Coal- 
mining machines are already used extensively, espe- 
cially in America, where the nature of the coal-seams 
and rock, high wages and the lack of expert miners 
make the employment of machines advantageous, even 
in present conditions. There are, also, hydraulic ma- 
chines by which undermined seams can be quickly 
t rown down, without using the pick or explosives, 
and machine shovels for loading cars with the freshly 
mined coal. These machines are not extensively used, 
and they cannot be employed successfully in thin 


coal seams, but they would prove very useful in exca- 
vating connecting galleries through the rock. The 
mined coal and rock are already transported from the 
workings to the shaft very largely by cable, steam 
and electric railways. 

Before many years have elapsed most of the purely 
mechanical work in deep mines will probably be per 
formed by machinery, and the miner’s task will be 
confined to tending the machines, setting timbers, ete. 
In these conditions the legal limit of temperature 
may properly be raised to 110 or 115 deg, F., if the 
working day is shortened to four or five hours. 

This limitation of the hours of work will operate 
to the relative detriment of very deep and hot mines. 
as the shallower and cooler mines will also derive 
benefit from the employment of machinery. The opera- 
tion of very deep mines will also entail great expense 
for compressed air, for the maintenance of a copious 
ventilating current and for the construction of very 
large ventilating shafts and galleries, as the requisite 
flow of air, per minute per man, will be increased from 
200 to 350 or 400 cubic feet. These considerations will 
set a limit to the depth at which coal mines can be 
worked with profit. This limit will probably vary, 
according to local conditions, from 6,500 to 7,500 feet, 
corresponding to a rock temperature of 165 to 185 
deg. F. 

Metal mines can probably be carried a_ greater 
depth, perhaps 8,500 feet, because of their comparative 
simplicity and the compactness and the absence «f 
heat due to slow combustion. In regions where the 
rate of increase of temperature with depth is compara- 
tively small, still greater depths can be attained 
(although the increase may become more rapid at very 
great depths). The copper mines of Lake Superior 
can probably be worked to a depth of at least 10,0U0 
feet. 

The Comstock mine in Nevada, one of the richest 
silver mines in the world, was abandoned in 1878, 
when it had reached a depth of less than 3,000 feet, 
because of its high temperature, caused by the opening 
of subterranean hot springs. Here, however, the con- 
ditions were abnormal. 

Greater depths have actually been reached by bor- 
ing than by mining, but only a few minerals can be 
obtained from bore-holes. Petroleum is raised to the 
surface by pumping or by the pressure of the gas 
which accompanies the oil; salt is dissolved in water 
poured into the bore-hole and is then pumped out 
as brine; sulphur is melted by superheated water and 
raised to the surface by compressed air. 

The maximum depths which we have deduced for 
coal mines (7,500 feet) and metal mines (8,500 feet) 
represent mere scratches of the skin of the earth, as 
even the greater depth is only 1/2,500 of the earth's 
radius. To speak of extracting coal and iron from 
the bowels of the earth is an absurd exaggeration. 
The exhaustion of the coal supply, however, is still 
remote. England and Germany possess, within a 
depth of 5,000 feet, sufficient coal to supply their prob- 
able needs for 500 and 800 years, respectively. The 
uppermost strata of the earth contain mineral wealth 
in great abundance and variety, of which only a 
small portion has been explored.—Translated for the 
Screntivic AMERICAN from Umschau. 


The Central London Railway, states the Railway 
News, was the first in England to employ polyphase 
transmission of power and conversion to continuous 
current at sub-stations. The line is 614 miles long, 
and is carried in an 11-foot 8-inch tube. The traffic 
was originally worked by locomotives, but is now han- 
dled entirely by multiple-unit trains, using the electro- 
magnetic system of control, this railway having been 
the first to employ the multiple-unit system of opera- 
tion. Power is supplied to the trains by a third rail, 
and the track rails are used as return conductors. The 
Great Northern and City Railway is the only tube 
sufficiently large to accommodate main line rolling 
stock, the minimum internal diameter being 16 feet. 
It is 3% miles long, and is supplied with power from 
a central power, station, which feeds directly to posi- 
tive and negative conductor rails. The trains are of 
the multiple-unit type, using the electro-magnetic sys- 
tem of control. 
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HOW FISH ARE HATC ih 


FISH-CULTURAL PRACTICES IN THE UNITED STATES BUREAU OF FISHERIES. 


BY JOHN W. TITCOMB, ASSISTANT IN CHARGE OF THE DIVISION OF FISH CULTURE. 


Adaptations and Variations of Method. 
, Eyep eggs of the Atlantic and Pacific salmon and 
of the steelhead trout have all been successfully 
shipped in the ordinary case, but the method of pack- 
ing eggs of the Atlantic salmon at the Craig Brook 
(Me.) station has the special advantage of making a 
comparatively light package—a factor of great eco- 
nomic importance in transportation. The outside case 
may be an ordinary box of suitable dimensions. In it 
are packed, surrounded by moss, several boxes made 
of %-inch boards, and usually 12 inches wide by 15 
inches long by 3% inches deep, each box containing 
a mass of 10,000 to 20,000 eggs in mosquito netting, 
with moss around all sides. No ice is used, care being 
taken that the packing be done in a temperature below 
50 deg., that all packing material be kept in a place 
slightly below freezing point, and that the moss in 
which the eggs are packed be sprinkled with snow. 
This method of packing is an economical one for ship- 


ments of eggs of Salmonide during cold weather, but. 


can not advantageously be used for eggs of spring 
spawning fishes unless there is available a cold-storage 
room in which to do the packing. Recently the sup- 
erintendent of the Baker Lake (Wash.) station, who 
has had occasion to ship eggs of steelhead trout and 
Pacific salmon in warm weather, has packed them in 
light cases with alternate layers of moss, and then 
placed two tiers of these thin cases side by side in 
an outer case, with a large hopper of ice over the 
whole, the drip passing down between the two tiers 
of inner cases. The chief advantage of this case for 
long-distance shipments is in the fact that less ice 
is required than in other forms of cases using ice, 
with a consequent saving in transportation charges. 
It can also be used in warm as well as cold weather. 
It is believed it will be economy to extend the use 
of this case in packing eggs of other species of Sal- 
monide. 

Green eggs of the brook trout and chars are carried 
in spawning pans or buckets, the spawntakers some- 
times, by the use of a neck yoke, carrying two pails 
of trout eggs several miles. It is possible to ship 
the green eggs a half day’s journey without serious 
loss, but it is preferable to eye them at places con- 
venient to the traps where the parent fish are caught, 
after which they are packed by the ordinary method. 

For grayling eggs cheese cloth is used for the boi- 
toms of the trays instead of canton flannel, and it is 
preferred by some in packing other kinds of eggs be- 
cause it permits of a better circulation of air and is 
not so apt to hold water. No moss is used on the 
trays over the eggs, but only mosquito netting, as 
the eggs will not stand pressure. Both the hopper and 
the chambers around the tray stack are kept filled 
with ice, thus maintaining in warm weather a tem- 
perature of about 40 deg. F. 

In transferring by messenger large numbers of eggs, 
whether green or eyed, of any species, it is customary 
to omit the packing on and around the trays, ice being 
used to regulate the temperature. 

Eggs of the shad and other species of which the 
period of incubation is but a few days are usually 


* Address before the Fourth International Fishery Congress, held at 
Washington, D. C,, September, 1908, 


Concluded from Supplement No. 1811, Page 182. 


shipped within forty-eight hours after being collected. 
Shad eggs are seldom shipped for more than a few 
hours’ travel. For this purpose they are laid in cheese 
cloth on wire-bottom trays, between wooden frames 
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Fia. 35.—ATKINS-DINSMORE SHIPPING CASE. 
CROSS SECTION. 


also covered with wire cloth, strapped together, and 
shipped without further packing. 

Experiments at Havre de Grace, Md., seem to dem- 
onstrate that it is practicable to pack eggs of the 
white perch in the ordinary trout egg case with ice 
hopper and ship them on journeys of thirty-six hours’ 
duration without apparent injury. Two lots of green 


have in several instances been shipped by express 
from Havre de Grace, Md., to Washington, D. C., a 
half day’s travel, in four McDonald jars packed in 
sawdust, ice being used in the packing when the air 
temperature seemed to require. The jars were equipped 
with the usual glass tubes, which extended above the 
packing, but whether this provision for aeration was 
necessary has not been tested. To insure proper 
aeration, however, it would seem advisable, with pres- 
ent knowledge of the subject, not to ship large num- 
bers of white perch eggs in water for travel of four 
or more hours without a caretaker. 

Attempts to transport yellow perch eggs on trays 
have not given satisfactory results, but it is appar- 
ently possible to carry them successfully almost any 
reasonable distance in the ordinary transportation 
cans, 1 to 2 gallons of eggs to 8 gallons of water, the 
proportion varying with the distance to be traveled, 
and care being taken to aerate and temper the water. 

Green pike perch eggs may be carried from near-by 
collecting grounds to the hatchery in tubs or trans- 
portation cans, care being taken to renew the water 
frequently, to keep it well aerated, and of a proper 
temperature. Ice must be prevented from coming in 
contact with the eggs, because, unlike most other eggs, 
they are very sensitive to such exposure. Half-barrel 
fish kegs or kits with one end knocked out and iron 
handles attached make very good and economical ves- 
sels in which to transport pike perch eggs. It is cus- 
tomary to insert a wire-cloth drain in the top of the 
kit on one side and the kits are asphalted inside. Can- 
vas is thrown over the top to serve as a cover. When 
the eggs are held over night in these kits it is expected 
to supply them with running water whenever possible 
to do so; otherwise the water must be periodically 
renewed or aerated. At some of the field stations a 
pipe arranged with pet cocks and rubber tubing for 
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Fie. 36. ARGENTINE SHIPPING CASE. SECTION. 


eggs taken at a temperature of 56 deg. and 70 deg., 
respectively, and held in trout egg cases for twenty- 
four to twenty-six hours, hatched as well as eggs 
placed directly in the hatching jars. In the first ex- 
periment there was no change in temperature, but in 
the second experiment there was a fall from 70 deg. 
to 64 deg. White perch eggs to the number of 3,000,000 


supplying water to a number of kits or transportation 
cans saves much labor in the matter of aerating eggs 
which must be held for a day or more. 

Pike perch eggs collected at a distance from the 
hatchery are conveyed thereto in the usual transpor- 
tation case on trays, a small amount of ice being placed 
on the top tray, which is substituted for the usual ice 
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Fia. 383.—ATKINS-DINSMORE SHIPPING CASE, 


LONGITUDINAL SECTION. 


Fie. 34.—ATKINS-DINSMORE SHIPPING CASE, 
PLAN. 
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hopper; an inch space around the sides of the stack 
is also filled with ice. Ice over the stack must be used 
sparingly or the green eggs may be injured by the 
cold water where it trickles upon them. For large 
shipments it is customary to have a caretaker accom- 
pany the packages to regulate the temperature, etc., 
the use of moss on the trays as well as the insulation 
material then being omitted. 

Since eyed pike perch eggs are usually shipped dur- 
ing the month of May, for safety ice is used around 
the stack of trays as well as in the hopper, even on 
a two days’ journey. 

Whitefish eggs are transported from the field of col- 
lection by both of the methods employed in the trans- 
fer of pike perch eggs, although they do not require 
quite so much attention. Eyed whitefish eggs are 
packed on trays in the ordinary way. 

The fields for the collection of lake trout eggs being 
widely distributed, it sometimes happens that green 
eggs are held in transportation cases for several days 
before their arrival at the hatchery. They carry as 
well laid directly on the wire-cloth bottoms as on a 
layer of cheese cloth. No packing is necessary if they 
are in the care of an attendant, since the latter can 
regulate the temperature by the use of ice and with 
water of the proper temperature, the trays being re- 
moved and sprinkled at least once in twenty-four hours. 

In packing lake trout eggs for short distances, say 
up to a thousand miles, the ice hopper is omitted. Mos- 
quito netting and moss are put on in the usual man- 
ner and the top of the moss is slightly frosted before 
the trays are stacked on the baseboard. A light piece 
of lumber is used in place of the ice hopper, and fine 
shavings are solidly packed under, above, and on all 
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for ice, separated from the trays by perforated zinc. 
Between the latter and the trays, in a %-inch space, 
are the vertical supports of the zinc, viz., double cor- 
ner supports, one being % by 1% inches, the other 
being 4% by 1 inch; two intermediate supports of 14 
by 1 inch material, which are provided on either side 
of the case and one at each end; and cross braces of % 
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to the inch, stretched tightly to prevent sagging and 
consequent uneven distribution of the drip water. A 
narrow binding of cloth is tacked around the bottom 
of each tray to prevent the wire edge from catching 
on the mosquito net covering of the tray beneath. On 
the inside ends of the trays are fastened short lifting 
cleats, and wedges hold the trays securely in place. 
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Fig. 38.—GERMAN-CHILE SHIPPING CASE. 
LONGITUDINAL SECTION. 


by 1 inch material, which extend from the uprights 
to the inner walls of the case. 

The ice hopper, 3 inches in depth, and having the 
same outside dimensions as the trays, rests upon the 
latter and fills the space between the uppermost tray 
and the top of the case. It has a perforated zinc bot- 
tom, and, to facilitate handling, cleats or small ropes 
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Fie. 37.—ARGENTINE SHIPPING CASE. PLAN. 


sides of the stack of trays. For the longer shipments 
the ordinary ice hopper is used, fine shavings being 
placed around the stack of trays for insulation. 

In the handling of eggs of the cod and other ma- 
rine fishes a so-called kettle, oval and with a concave 
top, is used to retain them on board ship in a choppy 
sea. The water in which they are kept must be fre- 
quently changed or aerated. The eggs are shipped to 
the hatchery in large fruit or butter jars, rockweed 
or moss, together with ice or snow, being used in 
packing them. It is regarded as impracticable to ship 
eggs of marine fishes for travel of more than two or 
three days. 

Argentine Case. 

While the various methods above described have 
all been successfully employed in the transportation 
of eggs across the United States and also to Europe 
without an attendant, shipments of eggs to points 
south of the equator, usually leaving this country in 
winter and arriving at their destination in summer, 
have called for more than usual attention to the 
methods of packing them, and a caretaker is quite 
essential. 

A highly efficient form of shipping case has been 
developed during the past few years for the transpor- 
tation of eggs of the Salmonide from this country 
to Argentina. It is 3 feet 6 inches long, 2 feet wide, 
and not exceeding 30 inches high, outside measure- 
ment, and is constructed of selected tongued and 
grooved lumber. It has double walls, with bottom 
and top common to both, the 2-inch space between 
the walls being filled with nonconducting material, 
preferably tightly packed shavings. Between the 


inner wall and the stack of trays is a 2%-inch space 


are attached to it. The top of the case is insulated 
with a 2-inch thickness of nonconductor covered with 
sheet zinc, this insulation fitting closely into the chest 
when closed, and thus coyering not only the ice hop- 
per, but the ice spaces around the sides as well. In 
the bottom grooves lead to a %-inch drain hole, which 


The bottom tray rests on three '%-inch cleats extend- 
ing lengthwise of the case, one at either side and the 
other in the middle. It is important to have the trays 
of uniform size, that they may be interchangeable. 

The trays and interior of the case are coated with 
asphaltum. To facilitate opening from either side, 
four hasps are used, two on each side of the case. 
Two rope handles side by side are placed on each end 
of the case, with a cleat of three-fourths inch material 
just above the holes for each handle. 

Eggs selected for shipping should barely show the 
eye spots without the aid of a glass. in packing, a 
layer of damp moss is spread one-fourth of an inch 
deep as evenly as possible over the tray bottom, and 
upon this is placed a covering of mosquito net or 
bobbinet. The eggs are laid upon the netting one or 
two layers deep, spread to within one-half inch of 
the tray frame and covered with another piece of 
netting to keep them separate from the moss, which 
is sprinkled in a light layer over it, filling the tray. 
The netting is cut large enough to extend over the 
outer edges of the tray, so that the eggs may not be 
disturbed when a tray is lifted for examination. 

On shipboard, as the greater part of the journey is 
made, the cases of eggs are kept in one of the fruit 
or cold storage rooms having a temperature of about 
38 deg. F. To this room the attendant has access, 
and it is his duty daily to moisten the eggs by pouring 
through the ice hopper water of the same temperature 
as the eggs, 34 deg. to 35 deg. The ice compartments 
are frequently replenished and the eggs are picked 
over whenever necessary. 

It will be seen that the method of caring for the 
eggs is not novel. The chief improvements in the case 
are to make it easy for the caretaker to tend the eggs 
in the crowded quarters of a ship’s storage compart- 
ments and to facilitate handling each individual tray. 

German-Chile Case. 

Another case used on journeys in which the care 
of the eggs is the same as above described is the Ger- 
man-Chile case, so called by reason of having first 
been employed by German fish culturists in shipping 
trout eggs from Germany to the Chilean government. 
It was brought to the attention of fish culturists in 
this country by Mr. E. A. Tulian, chief of the section 
of fish culture of the Argentine government. In 1907 
and 1908 this case, somewhat modified, was used by 
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Fie. 39.—GERMAN-CHILE SHIPPING CASE. PLAN. 


is provided with a cork. Two cleats, % by 3 inches, 
are attached lengthwise to the bottom on the outside. 

The trays are % inch deep, °7 inches long, and 
9 inches wide inside measurements, the frames being 
of % by \% inch material. The bottom of each tray is 
covered with wire cloth No, 25 gage, about 12 meshes 


Mr. Tulian in transporting trout and saimon eggs from 
the United States to Argentina with better results 
than had been secured with any other form of case. 
Owing to the absence of moss directly on the eggs, 
the German-Chile case is especially adapted to the 
handling of rainbow trout eggs, the membrane of 
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which is more delicate than that of any other species 
of the Salmonide. From the latest observations it is 
undoubtedly true that the ideal form of long-distance 
shipping case for all species, at least when accom- 
panied by an attendant, is the one wherein no moss 
or other substance is placed directly on the eggs. 

The German-Chile case is constructed on the same 
principles as the Argentine case above described. The 
case proper is built of selected lumber and is 29% 
inches long, 20 inches wide, and 15 inches high, out- 
side measurements. It is so similar in construction to 
the Argentine case that, aside from a general descrip- 
tion, only the differences between the two will be 
pointed out. 

The German-Chile case accommodates two stacks of 
trays 7% by 8% inches, in a double-chambered com- 
partment having walls of unperforated galvanized 
iron, which is strengthened by a heavy wire around 
the top edge. A removable metal partition separates 
the two stacks of trays. The compartment itself is 
made one-fourth inch larger each way than the tray 
frames, to allow for swelling and the binding twine 
which will be placed around the trays. Next to and 
surrounding the tray compartment is the ice, out- 
side of which is the dry moss or other nonconductor, 
within wooden walls, the same as in the Argentine 
ease, while resting upon the top of the trays and ice 
compartments is an ice hopper. For purposes of insu- 
lation the ice in the hopper is covered with a cushion 
filled with dry moss, oilcloth being placed between the 
cushion and the ice. The metal bottom of the hopper 


has perforations only over the trays, that the eggs” 


may receive the benefit of all drip water. Small cleats 
are fixed at either end of the ice hopper to facilitate 
handling. Under the tray compartment and coexten- 
sive with it is a perforated wooden false bottom to the 
case, between which and the bottom proper is a 1-inch 
air space. A drain hole is provided in the bottom 
proper. The egg trays are made a trifle deeper than 
the diameter of the eggs; and the latter are placed 
on them a single layer deep without any covering of 
moss. The tray frames are seven-eighths inch wide, 
and usually three-sixteenths inch to five-sixteenths inch 
thick, with a bottom of either scrim or canton flan- 
nel. Instead of being made into one package for each 
chamber, the trays are bound together in fives, with 
strong twine for binding material, and alternating 
with each package are double-depth trays, or dum- 
mies, filled with wet moss. One of these moss-filled 
trays is placed also in the bottom of each of the 
two tray chambers. 
Transportation of Fish. 

In distributing young fish from the hatcheries to 
the waters they are to stock, six special cars are 
employed. They are equipped with all necessary ap- 
paratus for the safe carriage of young and adult fishes 
and each is provided with a buffet and sleeping accom- 
modations for a crew of five men. The cars are at- 
tached to passenger trains, and many of the railroad 
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water fishes. On the cars it is possible to aerate the 
water in each fish can by air pumped through a reser- 
voir, from which it is taken through lines of piping 
along the sides of the car. The piping is equipped 
with pet cocks, from which the air is carried to the 
cans in %-inch rubber tubing and forced into the 
water through liberators made of porous wood, pre- 
ferably the American linden (Tilia americana), placed 
in hard rubber holders. For best results these liber- 
ators must not be placed in the water until air pres- 
sure is on and must be removed when air pressure 
is stopped. 

In putting up cod fry and fry of other marine fishes 
for shipment it is customary to have several quarts 
of water in the transportation cans and then care- 
fully dip the fry from the hatching boxes, lowering the 
dipper to the water in the cans before emptying it. 
When the box is nearly empty the remaining fry are 
removed from it to a can by means of a siphon. When 
transported on a vessel having a conveniently ar- 
ranged well, linen scrim is securely fastened over the 
top of each can containing fry and the cans are laid 
horizontally in the well, the top toward a perforated 
supply pipe through which water is pumped into the 
well, thus maintaining a constant current. 

Lobster fry may be carried in scrim-walled contain- 
ers, or boxes, suspended in the well of a vessel, the 
motion of the vessel and the constant circulation of 
water in the well keeping the fry in good condition 
and preventing their settling in a mass at the bottom. 
The boxes are made of a framework covered on the 
four sides and bottom with scrim, which allows a 
free circulation from all sides. Each box, 42 inches 
by 29 inches by 29 inches, will hold from 2,000,000 to 
3,000,000 fry. It is customary to take from 12 to 15 
cans of fry in addition to those taken in the well, 
the fry in the cans being the first planted. 

On vessels having no wells, aeration for all species 
of the marine fry, including the lobsters, is accom- 
plished by siphoning off and dipping the water freely, 
as will be described for whitefish, pike perch, etc. For 
tempering the water ice is suspended from the cover 
of the can in a cylinder. 

Temperature is a most important consideration in 
the transportation of fishes, and owing to the different 
conditions under which they are hatched in the vari- 
ous localities, is a feature that requires skilled discre- 
tion on the part of the attendant. The general rule 
is to keep the temperature at least as low as that of 
the water from which the fish were taken, and lower 
if the species is not sensitive to changes. 

The maximum number of fishes to be carried most 
advantageously in a 10-gallon can is another equally 
important question. The distance to be traveled partly 
prescribes this number, but must be considered also 
with reference to the temperature; and these factors, 
interdependent as they are, go to prevent the formula- 
tion of any hard and fast rule. In the following table, 
however, attempt is made to generalize by means of 
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tached messengers, if energetically operated has no 
equal. Several forms of aerating devices have their 
good points, their use is permitted, and efforts are 
being made to improve upon the present methods of 
hand aeration in order to lighten the labors of the 
messengers, who not infrequently care for the fish 
for two or three days before they arrive at destina- 
tion. 

For aeration in cans containing small fry, such as 
the shad, pike pereh, white perch, yellow perch, and 
whitefish, it is customary to siphon a portion of the 
water into a pail (the head of the siphon being in a 
wire cage covered with cheese cloth), aerate it with 
a dipper, add ice to temper it if necessary, and then 
pour it back through a large funnel which reaches 
nearly to the bottom of the can, the lower part of the 
funnel for about 6 inches being made of perforated tin 
to break the force of the water. On short trips little, 
if any, aeration is necessary. 

Cans holding the larger fry and young fish may 
be aerated by dipping the water up and pouring it 
back again from a height of 15 or 20 inches. When 
transportation is by water it is customary to renew 
the water in the cans en route instead of resorting 
to hand aeration. With fishes of the Salmonida 
family, ice may be placed in the water in the cans. 


Distribution and Planting of the Commercial Fishes. 


It being infeasible for various reasons to rear th 
young of the commercial fishes, practically all ar 
planted as fry and the distributions are usually made 
by agents of the Bureau. 

Fry of the marine species are often transferred to 
small boats in order to plant in shallow water or they 
are carried from the hatchery in launches. In such 
cases the cans are lowered into the water by two 
men and there slowly inverted. When planting fron 
a vessel two lines are made fast to the can, one about 
the top and one about the bottom; by this means th: 
can is lowered over the side and when partially sub 
merged is emptied. 

On the Great Lakes the distributions of lake trout. 
whitefish, and pike perch are usually made by means 
of steam vessels. In such instances the water in th: 
cans is renewed as often as necessary by siphoning 
off a portion and replenishing directly from the lake. 
The manner of liberating the fish after the point ci 
deposit has been reached varies in practice. In plant 
ing lake trout and whitefish the method employed by 
the superintendent of the Duluth, Minn., station is to 
pour the water and fry, one can at a time, into a large 
tub full ef water, from which the water and fish ar: 
siphoned through a heavy 2-inch rubber hose attached 
to a pole or outrigger. Thus they are deposited in 
the lake about 8 feet from the side of the vessel, very 
close to, if not beneath the surface of the lake, the 
speed of the vessel being slackened while the planting 
is in progress. As it is customery to transport the 
fry on passenger or package freight steamers, where 


NUMBER OF FISHES OF GIVEN KINDS AND SIZES TO BE TRANSPORTED IN A 10-GALLON CAN UNDER AVERAGE CONDITIONS, 


| 
Fingerlings No, 2. | Fingerlings No. 3. . Fingerlings No. 4. Fingerlings No.5. | Fingerlings No, 6, 


Fry. Advanced Fry. Fingerlings No. 1, 
Large-mouth and small-mouth black bass............. | 3.000 1.00 | 61 400 | 61 
Brook trout 5.008) 3.000) 45 1.500 20) 
Blackspotted 5,000 4s 3.0%) | 
Rainbow trout. 5,000 48 1.500 1.20 200 
Lake trout 4.000 3.000 42 1500 
Steelhead trout 2,000 45 1,000 48 
Landlocked salmon 2,000 48 1,000 | 10 
Whitefish ... 30,000 38 ees 
Note. — The varying usage in the classification of young fish as to «ize has caused such confusion and difficulty that the Bureau has adopted uniform definitions as follows ; Fry=fish up to the time the yolk sac ix absorbed 


and feeding begins. Advanced fry=fich from the end of the fry period until they have reached aength of one inch, 
designated as follows; No, 1, 4 fish 1 inch in length and up to 2 inches ; 
1 year old, but less than 2 years old from the date of hatching ; 


companies, appreciating the benefits arising from 
stocking waters along their lines, haul the cars gratis; 
others make special rates for cars and crew. When 
plants are made off the main railroad lines, the fish 
are carried in baggage cars in charge of members of 
the car crew. 

In addition, distributions are made from many sta- 
tions without the aid of the special cars, the station 
employees caring for the fish in baggage cars. For 
this service the railroad companies usually charge 
regular fare for the attendants, but transport the fish 
and return the empty cans gratis. 

Fry and young fish are usually transported in 10- 
gallon round-shouldered iron cans, tinned for fresh- 
water work and galvanized for marine work. With 
fresh water galvanized iron often proves toxic, and 
should never be used in the transportation of fresh- 


average conditions, and show the number of 
fishes of specified kind and size as _ ordinarily 
transported in a 10-gallon can. The _ cooler period 
of the year in which handled accounts for the 
lower temperature for fry of the trouts as com- 
pared with the higher temperature of fingerlings. It 
also accounts for the lower temperature for landlocked 
salmon fingerlings as compared with fry. Ordinarily 
if landlocked salmon, rainbow trout, and brook trout 
fry from the same source should be distributed in 
warm weather it would be desirable to reduce the 
water temperature for the brook trout considerably 
lower than for the other two species. 

In the care of fish away from the air circulation of 
the cars, aeration is usually accomplished by the use 
of a long-handled dipper, and this method for 10 or 
15 cans, which is the usual number handled by de- 


Fingerlings=fish between the length of 1 inch and the yearling stage, the various sizes to be 
No, 2, a fish 2 inches in length and up to 3 inches : No. 3, a fish 3 inches in length and up to 4 inches, etc. Yearlings=fish that are 
these may be designated Nos, 1, 2. 3, etc., after the plan prescribed for fingerlings. 


they are necessarily stowed in a limited space and us 
close to one gangway as possible, the cans may be 
emptied into a tub sitting firmly on the deck more 
easily and expeditiously than they could be poured 
directly into the lake, and the element of danger io 
the men doing the work is avoided also. 

The superintendent of the Northville station follows 
a somewhat similar procedure in planting lake trout. 
pike perch, and whitefish fry. If the deck of the vessel 
is near the water surface a piece of ordinary tin pipe 
is attached to a tub and arranged with elbows so as 
to bring the lower end near the surface of the lake 
If the deck of the vessel is high above the water the 
tub is used with 15 or 20 feet of 2-inch fire hose instead 
of the tin pipe, a weight being attached to the lower 
end. 

From the Put-in Bay station the fry are planted by 
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from experiments he has made, believes this method 
preferable to the use of hose or tin conductor as just 
described. 

None of the salmon stations on the Pacific coast is 
of sufficient capacity to hold more than 10 per cent of 
the fry until sac absorption, and in California a large 
portion of the product is distributed to hatcheries 
operated by the California Fish Commission. The 
portion distributed by the Bureau from the Baird sta- 
tion, however, is held until sac absorption. The 
method of distributing from Baird is as follows: 

The inflow to a trough is shut off, the drain pipe 
removed, and the water and fry allowed to pass into 
a double receptacle consisting of a perforated bucket 
inside a regular 5-gallon spawn bucket, the inner con- 
tainer being about 1 inch less in diameter and raised 
an inch from the bottom by wooden blocks. This 
receptacle has been filled with water, to prevent injury 
to the fry as they are poured in, and the surplus water 
escapes through the perforations and over the rim 
of the outside bucket, leaving the fry in the center. If 
the trough is some distance from the floor a box is 
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pouring them over the sides of the vessel as it moves 
slowly along, and the superintendent of this station, 


used to elevate the buckets to proper level, and any 
fry remaining in the trough after the passage of the 
water are brushéd through the opening with a broad, 
flat paint brush. By this method the fry can be re- 
moved from a trough in two minutes with absolutely 
no loss. From the bucket the fry. can be easily poured 
into a 10-gallon can, but frequently they are carried 
to the river (about 100 feet from the hatcher) and 
planted direct from the buckets. So far as possible 
the plants are made during flood water and always 
where there is a strong current. By this means few, 
if any, free swimmers are caught by the ever-present 
trout, as their natural tendency quickly to scatter is 
facilitated by swift water. 
Distribution of Game Fishes. 

The Bureau does not as a rule attempt to plant the 
game fishes produced at its hatcheries, but consigns 
them to individuals, anglers’ clubs, protective associa- 
tions, etc.. by whom they are used to stock both public 
and private waters. It is customary to deliver the fish 
free of charge to the applicants at the railroad sta- 
tions nearest the point of deposit. 

The number of fish allotted to individual applicants 
is, of course, largely determined by the supply avail- 
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able, which depends to great extent upon the diffe: 
ence in methods of hatching applicable to the different 
species. The area and character of the water to be 
stocked must also be considered, of course. Moreover, 
the same water area that would receive a million pike 
perch fry would perhaps be assigned no more than 
200 or 300 black bass 3 or 4 inches long, or four to 
eight times that many if the bass are planted as fry. 
The explanation is in the fact that pike perch can be 
propagated by the hundred million, while black bass, 
hatched by other methods, or collected from overtiowed 
lands, are produced only in comparatively small num- 
bers. The Bureau does not attempt to assign any 
applicant more than a liberal brood stock of the basses 
or sunfishes. With brook trout, which are distributed 
both as fry and fingerlings, assignments of fry are 
twenty-five to fifty times larger than assignments of 
fingerlings 3 to 4 inches long. 

Applicants for fish are advised by mail of the ap- 
proximate date on which the fish will be shipped and 
later by wire of the hour on which they may be ex- 
pected to arrive. The advance mai] notice also con- 
tains the specific instructions for the care of the fish 
from the time of delivery until they are planted. 
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ONFERENCE. 


IN SOLAR RESEARCH. 


BY EDGAR LUCIEN LARKIN. 


TiikTEEN nations were represented by their most 
eminent astronomers and astro-physicists at the Mt. 
Wilson conference. The session was the most import- 
ant in work done of any thus far held. The Union was 
founded at St. Louis, Missouri, at the World’s Fair in 
1904. The original object was to study the sun, but 
at the Mt. Wilson session it was voted to study the 
other stars also. The delegates present from all the 
great observatories of Europe and the United States 
were filled with wonder at the great and now historic 
achievement of George Ellery Hale, in founding this, 
the largest observatory, all accomplished within five 
years. All the’ materials in the buildings and the 
heavy instruments had to be transported over devious 
mountain trails to the lofty summit; and new roads 
of great width were constructed at enormous expense. 

This equipment, costing $1,000,000, is by far the most 
elaborate in existence. Arduous work is on day and 
night. None is able to realize the possibilities of the 
sixty-i.ch reflecting telescope without using this huge 
instrument of precision. This mass of many tons is 
under electrical control equal to that of a laboratory 
microscope. During the session the astronomers pres- 
ent had little sleep. The great dome was open every 
night, and the telescope was not idle during a minute. 

The celestial scenery on display consisted of the 
giant cluster in Hercules, the ring nebula in Lyre, 
Saturn. and the nebula in Orion. I have explored every 
glittering area of the cluster in Hercules with a six- 
teen-inch Clark refractor, and thought I had seen it all. 
But in the sixty-inch, a scene of supernal splendor came 
out of the sky of night. The confused mass of stars 
was no longer compact. Countless orbs stood out sep- 
arately even down to the 18th or 20th magnitude. The 
nebula in Lyre was a vision of glory with its bright 
central stars. It is hopeless to attempt description 
of Saturn. The rings are complex; while the dark or 
crape ring seemed to be much wider and nearer the 
planet than in smaller telescopes, power 600, equivalent 
focus, 100 feet. A tinge of blue was observed on the 
Saturnian south pole and yellow bands toward the 
equator. 

THE TOWER TELESCOPE. 

The Mt. Wilson tower is of steel and its height is 
150 feet, surmounted by a revolving dome of steel. 
Within this is an inclosed vertical steel frame 5 feet 
Square, also 150 feet high, excluding air currents. A 
tubular excavation 78 feet deep into the solid rock is 
4 continuation—so that from the lens on the top to 
Prisms and diffraction gratings at the bottom, there 
extend: a clear band of protected light 228 feet in 
length. Mirrors revolving by means of clocks throw 
this band of light from the sun through the lens and 
this projects a splendid image of the sun, 16 inches in 
diamet.-r, into the interior of the mountain far below. 
Now, this solar image is to be subjected daily and 
hourly to a study the like of which has been hitherto 
wknown. Spectrographs, spectroheliographs, polariz- 
ing and magnetic apparatus of great power and in- 
tieacy will be applied. Sun spots, prominences and 
their spectra will be constantly photographed, and a 
tecord secured of the chromosphere and photosphere, 
and Magnetic phenomena on display during the life 
histori-s of huge sun-spots. I descended to the bottom 
of the G0-foot tower telescope into the recesses of the 


mountain and saw the delicate prismatic spectrum 
shining in the gloom. Then looking above, I beheld 
the sun shining on the mirror, which appeared to be 
suspended in the infinite space of the sky; and then 
over to the Snow horizontal telescope, where a regular 
daily photograph of the sun was taken by that magnifi- 
cent combine of mirrors, lenses, prisms, gratings, and 
cameras. Besides all these, there is a wilderness of 
instruments for measuring light, heat, visible and 
invisible’ radiant energy pouring upon this peak in 
clear air from sun and stars. 

The Astrophysical Observatory of the Smithsonian 
Institution is another complex laboratory of precise 
measurement. At present the werld of science has 
nothing to compare in magnitude with the splendid 
series of instruments now in active use on the Cali- 
fornia peak, Mt. Wilson. 

Prof. J. C. Kapteyn, of the observatory, Groningen, 
Holland, delivered a classical lecture, supplemental 
to the one delivered in Pasadena two years ago. These 
new investigations were made on 81 Orion stars and 
reveal a gigantic movement of these stars through 
space in two streams. The larger stream is in the 
constellations Scorpio and the Centaur in the distant 
south; while the smaller, or northern, is passing the 
area included in Perseus. Other proceedings were so 
great in quantity that no mention can be made here. 

GILDING GLASS. 

Arart from the gold decorations on holiow glass- 
ware, the process of gilding glass, for all possible pur- 
poses, is the time-honored one involving the use of 
gold leaf. The chemical processes of gilding, owing 
to their complicated character, have not found wide- 
spread introduction. This is also in part due to the 
fact that, in gilding glass, we have, for the most part, 
to deal only with small surfaces. 

The tools for gilding work are the simplest imagin- 
able: A gilder’s cushion, consisting of a little board, 
with a leather pad and on a narrow side a protective 
shield of strong paper, or thin pigskin, nailed on. On 
the under side is a leather loop, in which the thumb 
of the left hand is inserted, so that the cushion can 
be handled like a painter’s palette. From the book of 
gold the gilder carefully blows several leaves of gold 
against the protective shield, passes the gilding knife 
under one of these leaves and spreads it smoothly on 
the cushion. With the knife it is then divided into 
strips of the requisite length and breadth, which are 
laid on the surface to be gilded. For this purpose he 
employs a broad brush, thinly set with hairs, which is 
known as the gilding tool. 

As the adhesive medium, or binder, between the gold 
and the glass, he employs a solution of water, alcohol 
and isinglass. The preparation of this adhesive de- 
mands the greatest care, and experience is the best 
teacher. Upon this the success of the entire work 
depends. 

Take a small piece of isinglass, boil it'out thoroughly 
in water, pour the solution through gauze and add a 
little aleohol to it. With a short, thick brush, of hair. 


apply this solution quite liberally to the glass surface 
to be gilded and lay the proper piece of gold on it. 
Proceed in this manner until the entire plate has been 
gilded. 


In the meantime remoistening is constantly 


necessary. This must, however, be done in such a man- 
ner that the gold is not floated off by the liquid. After 
gilding place the glass plate in a sloping position and 
allow the surplus water to drain off. Then lay the 
plate, gilded side up, in a box, place over it unsized 
tissue paper, and dust over this washed chalk. The 
object of this is to absorb the moisture and the paper 
interposed is to prevent the balling up of the chalk, 
just as the alcohol expedites the evaporation of the 
fluid and insures a brilliant gloss to the gilding. 

When the gilding is perfectly dry we can proceed to 
the polishing. For this purpose we use a rag of soft 
silk velvet with which we rub vigorously, backward 
and forward, over the gold surface. If, during the 
polishing, the gold rubs off, then either the gilding was 
net properly dry or the solution was tceo weak. If it 
was too strong, that is to say, if too much isinglass 
was used, the gold, after polishing, will show spotted 
places and the high polish will be lacking. These are 
signs of which every layman can avail himself, and a 
little patience will soon bring results. 

Dull gilding on glass calls for a coating of varnish. 
The surface to be gilded must be coated with damar or 
copal varnish by means of a soft, broad brush, thinly 
and evenly, which is the principal thing. After dry- 
ing, which must have proceeded so far that on touch- 
ing the varnish with the finger nothing comes off, the 
leaf gold is laid on evenly and smoothly. This gilding 
is not polished over. 

Another kind of gilding is the oil gilding, such as ts 
used on tombstones and for other outside work. The 
lettering that has either been carved by the stone- 
cutter in stone, granite, etc., or, in the case of glass 
plates etched with the sandblast, is given, to insure 
greater durability to the gilding, a priming ceat of oil 
paint, to which some ocher has been added, and when 
thoroughly dry slightly moistened with oil-size. This 
is allowed to dry to the same extent as in dull gilding, 
and we then proceed to apply the gold, which is pressed 
down firmly with a soft brush. Even sizing means 
even drying of the oil-size and this facilitates the work 
and immeasurably increases the durability. 

The gold projecting beyond the edges of the letters 
is very easily removed by drawing a cloth, not too 
damp, tightly over the gilded plate and allowing it to 
remain for a time. As the lettering is recessed. the 
dampness of the cloth will only affect the surplus gild- 
ing and this, after the cloth has been removed, can 
easily be scraped off with the aid of a steel spatula. 

What has been said of leaf gilding applies also to 
leaf silvering, except that the solution fer bright silver 
gilding must contain rather more isinglass, as the leaf 
silver is harder than gold. 

For oil gilding we do not use leaf silver, but leaf 
aluminium, because the former tarnishes on exposure 
tothe air, i. e., is oxidized. 


Blastic, Unchangeable Plastic Mass that will not 
Decompose.—Dissolve 5 parts of common salt in 15 
parts of water, moisten with this 50 parts of finely 
broken, ordinary joiners’ glue and leave these materials 
to work over night in a closed pot at ordinary tempera- 
ture. The steeped mass is !1en melted in a water bath, 
diligently stirring it the while with the mold slightly 


greased; pour the glue mass into it as cold as possible. 
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EXPLORING 


THE DEAD SEA IN A MOTOR BOAT. 


BY HAROLD J. SHEPSTONE. 


MASADA (WEST SHORE) LAST FORTRESS HELD BY THE JEWS APTER THE FALL OF JERUSALEM, SHOWING, AROUND BASK, ROMAN WALL OF CIRCUMVALLATION, 


Tuere is every possibility of the Dead Sea becom- 
ing the center of great activity. This historic region 
is rich in various kinds of minerals, and these are 
now to be exploited. Recently, Jehid Bey, a news- 
paper proprietor of Constantinople and a member of 
the Turkish Parliament, obtained from the govern- 
ment a concession for the exploitation of the minerals 
in the Dead Sea basin, which concession he has now 
disposed of for $350,000. 

It is well known that the finest and purest bitumen 
and also quantities of peerless sulphur are obtainable 
here. Then, in Byzantine times, copper mines were 
worked near the south end of the Dead Sea, both 
in horizontal galleries and vertical shafts, while the 
basin is rich in marble, porphyry, and other fine class 
of stone as well as in phosphates. It often has been 
stated by American connoisseurs traveling to the Dead 
Sea that evidences of coal and oil that in America 
would be unmistakable, are very apparent in this 


region. Salt is found in great quantities, but as the 
government holds a monopoly upon this commodity, 
it is at present imported from Smyrna and England. 
In view of the above facts, an account of a some- 
what exhaustive trip recently made over this inland 
sea cannot fail to be of interest. It was undertaken 
in the odd little motor boat that was placed upon the 
waters here by a German firm. The vessel has a 
length of about 59 feet, a passenger accommodation 
of 35, and is driven by a 25 horse-power motor. Over 
a week was spent in this craft, which was specially 
chartered by the members of the American colony at 
Jerusalem, when the accompanying photographs, taken 
the colony, were secured. In many ways this 
lake is the most remarkable body of water on the 
globe. It is some 47 miles long and 10 miles wide at 
its greatest breadth. It is, however, gradually in- 
creasing in area. In the older Palestine exploration 
maps, as also in all the older pictures and books 


describing and representing the north end of the sea, 
a small island appears about half a mile from the 
north shore. Originally this was undoubtedly a penin- 
sula. This island has now wholly disappeared, while 
on the west, east, and south shores are partially sub 
merged forests of large trees, unmistakable evidences 
of the encroachment of the waters upon the land. 
This historic yet so little known lake is 1,300 feet 
below sea level. By many it is still believed that no 
animal or vegetable can exist near its shores, and that 
it is impossible to swim in its waters. True, the 
absence of bird life is impressive, though cranes and 
other water fowl can occasionally be seen feeding 
on the fish brought down the Jordan. As for swim 
ming, the excessive buoyancy of the water simply 
renders it difficult to make much headway, but a swim 
is both feasible and enjoyable. Care, however, should 
be taken not to get the water into the eyes. Indeed, 
did Palestine belong to any other power than Turkey, 


WALL-LIKE FORMATION OF SALT (JEBEL USDUM) WEST SHORE, ABOVE THE 
OPENING INTO HUGE SALT CAVE, 


EXPLORING THE DEAD SEA IN'A MOTOR BOAT. 


GORGE OF THE ARNON RIVER (KAST SHORE) SHOWING THK BEAUTIFULLY 
VARIEGATED AND TRACED SANDSTONE CLIFFS. 
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probably the northern shore of the Dead Sea would 
be a popular bathing siation. No doubt the chloride 
of magnesia, which enters so largely into the composi- 
tion of the water, would be found to have medicinal 
and curative properties. The density of the water of 
the Dead Sea may be realized from the following 
table: In a ton of water from the Caspian Sea there 
are 11 pounds of salt; in the Baltic, 18 pounds; in the 
Black Sea, 26 pounds; in the Atlantic, 31 pounds; 


having boats with masts, sails, and oars. The date 
of this floor is set about the year A. D, 499. To the 
majority, perhaps, the Dead Sea is invariably asso- 
ciated with Sodom and Gomorrah. The east side 
furnishes at Calirrhoe palpable evidences of volcanic 
upheaval, not to mention the comb stible substances 
in sulphur, bitumen, or possibly oil that might have 
played a part in the overthrow of these ancient cities. 
On the trip under notice, however, for the first timo, 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1812. 201 


mentioned in Moses’ bird’s eye view, and the insigni- 
ficant town to which Lot pleaded that he might be 
allowed to go; and because Moab and Annan, the two 
descendants of Lot, were located here on the east of 
the Dead Sea, Tristram places these cities on tue 
east side. The name Jebel (mountain) Usdum, occur- 
ring near the south end of the sea, has led others 
to seek there for the site of the overthrown cities 
because of the resemblance of the names with Sodom. 


> 


GENERAL VIEW OF EUGEDI (WEST SHORE) UPPER SPRING 600 FEET ABOVE 
MOST OF THE HAZY TREES ARE SHITTIM (SEYAL). 


DEAD SEA. 


PARTIALLY SUBMERGED FOREST AT GHOR-EI-MIZRA, SHOWING HOW THE DEAD 
SEA GAINS ON THE LAND EAST. 


HERE THE SEA HAS ENCROACHED 3.280 FEET. 


THE MOTOR BOAT “SHEIKH JE-LAL,” 59 FEET LONG AND 23 HORSE-POWER. 


EXPLORING THE DEAD SEA IN A MOTOR BOAT, 


in the English Channel, 72 pounds; in the Mediter- 
ranean, 85 pounds; in the Red Sea, 93 pounds; in the 
Dead Sea, 187 pounds. The water of this inland lake 
contains 23 per cent. of solid matter and is, bulk for 
bulk, heavier than the human body. 

For many centuries there have been no boats on 
the sea. In the mosaic (map) floor discovered in 1898 
at Medaba, on the east side of the Jordan (the oldest 
Map in the world), the Dead Sea is represented as 


on the west side, evidences were found of volcanic 
eruption in the black pumice and porous stones picked 
up near the tragic fortress of Masada. . 

These cities have been variously placed at the north 
end, on the west side, at the south end, and on the 
east side. Canon Tristram, taking the view described 
as witnessed by Moses from Mount Nebo, was struck 
with a small ruin right below him, and found on in- 
quiry that it was called Deraa (Zoar), the last point 


UPPER SPRING, EUGEDi1,. 


Popular tradition has always most conveniently 
pointed to the north shore, the place visited by tourists 
and pilgrims, as the site. 

In circumnavigating the Dead Sea, four or five very 
fertile little plains were ‘met with. They were abur- 
dantly watered and capable of untold development, for 
as soon as one crop is harvested the water is turned 
on and another crop put in. The possibilities of these 
plains supplying Jerusalem and other cities with vege- 
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tables and fruit, especially in winter, are unlimited, 
if easy communication is given. These smal] plains 
are called Ghors—Ghor-el-Safieh at the south end; Ghor- 
Mera at the southeast angle of the lake; Ghor-el- 
Mizra at the end of the bay formed by the peninsula 
of the Lisan, and Ghor-el-Sawsineh at the northeast 
angle of the sea. They certainly admirably fit into 
the description of the overthrown “cities of the plain” 
which Lot chose as his abode when separating from 
Abraham on account of the strife between their herds- 
men, because “they were well watered as the garden 
of the Lord.” To-day these plains have a scant collec- 
tion of abodes and a smal! scattered population, and 
with the exception of the former there are no towns 
or villages along the shores of the Dead Sea. Indeed, 
the. whole Dead Sea basin is a desolate region, hot, 
arid, and waterless except at the points mentioned 
and the smal] oasis at Eugedi. 

The last-named place is the only one on the west 
side of the lake where good fresh water is to be found, 
and it is a remarkable coincidence that this point 
is spoken of as visited and conquered by Chedorla- 
omer when on the expedition which ended in the over- 
throw of Sodom and Gomorrah. This evidently was a 
little paradise in the time of Solomon, for in his 
rhapsody in the Canticles he refers to the “Camphire” 
(fragrant “heuua’’) growing here. Here also is to be 
found the Shittim wood which yields the gum arabic, 
and of which wood (being also found in the Sinai 
Peninsula) the ark, the tabernacle and its furniture 


are claimed to have been made in the wilderness.-- 


To-day this wood is used for the manufacture of a 
variety of Masonic emblems and is much prized by 
Masons. Eugedi lies about half way down the west 
shore of the sea, and may perhaps have half a square 
mile of land, sloping from the upper spring, whose 
temperature is 80 deg. F., and the small plain off to the 
sea; it is watered by two other springs, and here the 
first cucumbers are raised for the Jerusalem market, 
which is reached in about eleven hours by land. 

It is a very striking fact that the cliffs on the west 
side of this strange inland sheet of water, which form 
an almost unbroken wall (excepting for the rugged 
torrent beds) and which vary from 300 to 1,900 feet 
in height, are all of limestone, whereas on the east 
side of the lake the formation is entirely sandstone 
of exquisite hues, giving these walls that indescrib 
able coloring so frequently raved over by tourists and 
constituting one of the glories of the sunsets in Pales- 
tine. The abundance of water on this side as com- 
pared with the other is very striking, too. 

About ten miles from this spot lies the peerless 
natural fortress of Masada (Sebbeh), first fortified by 
the Maccabees, then used as a place of refuge by 
Herod, and finally immortalized by the flight thither 
and stand made by the Sicarii or Zealots in the vain 
hope of escaping the subjection to the Romans, when 


the country was subjugated by Titus. At the foot 
of the tableland two miles from the sea can be clearly 
seen the Roman wall of circumvallation and the two 
Roman camps on either side of the small ravine. The 
fortress, which is 1,700 feet above the sea, has steep 
sides at about an angle of 75 deg. and cannot be ap- 
proached except from a connecting neck, called the 
Serpentine, at the southwest angle, and it was at this 
point that the besiegers concentrated their force. 
ividences of the Jewish wall around their last strong- 
hold and of the Roman camp and siege are plainly 
to be seen on the highlands. A more inhospitable 
place or one more disadvantageous to besiegers could 
not well be found. ‘ 

Eight miles to the south of this place, the six-mile- 
long salt mountain of Jebel Usdum is reached, which 
rises to a height of 500 feet. In this mountain is a 
large cave, which was explored to the extent of about 
200 yards, at which point a tapering cylindrical shaft 
of about 20 feet in diameter was discovered, piercing 
the solid rock salt, 80 feet high, as though through 
polished marble, evidently the effects of the rain. 
This accounted for the fresh breeze that is constantly 
coursing through the cave, and for the unaccountable 
“river” of the native imagination, that flows through 
it intermittently. The great snow-white stalactites 
hang from the ceiling in various parts. The approach 
to this mountain presents most fantastic appearances 
of walls, buttresses, parapets, projecting towers, etc., 
caused by the stratification and lay of the salt boul- 
ders. 

A little south of Masada, but at the lower end of the 
bay, on the eastern shore, lies the rich Ghor-el-Mizra. 
Here and elsewhere abounds the apple of Sodom, 
described by Josephus. It has the appearance of a 
beautiful fruit, but collapses and contains nothing 
but a little smoke-like dust and some silk-like fiber, the 
latter being used by the natives for stuffing pillows. 
Here hot sulphur baths and abundant cold streams are 
met within five feet of one another. The same is 
true of all the fertile oases. 

About eleven miles going northward, the magnifi- 
cent gorge of the River Arnon (Mojib), which sepa- 
rates the territory of Moab from Ammon, is reached. 
This certainly contains the finest natural scenery in 
Palestine. The sides of the canyon rise perpendicu- 
larly about 300 feet and are only about 20 feet apart, 
here overhanging, there overlapping or dovetailing 
into one another, as though this mighty mass had 
been violently rent asunder to allow the seething 
stream of the Arnon with its cascades and whirlpools 
access to the sea. Up the gorge about half a mile, as 
far as our party could penetrate, and probably farther 
than anyone has yet explored it, an awe-inspiring and 
perpetual gloom seems to reign and to reveal whence 
arose the worship of the ancients for the mighty 


waters. Here the sun casts its rays once on this side, 


SepremBer: 24, 1910. 


1812, 


once on that of the winding bed, and then through a 
small peephole overhead, only to be again obscured. 
Words cannot describe, nor can the camera portray, 
much less the painter depict, the exhaustless variety 
and beauty of the veining and tracery in the richly 
shaded sandstone forming the side cliffs of ‘this gorge. 
No living monarch now or at any time has been abc 
to conceive or surround himself with such bold and 
rich and lavish and withal such delicate designs, 
never ending in their variations, as nature has here 
generously covered these rocks. Just beyond this 
gorge there is a striking formation in the rock, looking 
very like a stately queen's figure, silhouetted against 
the sky, which the natives call “Biut Sheikh Lut” (the 
daughter of the Sheikh Lot), recalling Lot’s wife. 

About eight miles farther north lie the hot baths 
of Calirrhoe. Here Herod came, when stricken with 
his last sickness, in the hope of finding recovery, 
which was sought in vain, and here remains of his 
buildings can be seen. Several miles higher up lies 
the castle of Machaerus, where John the Baptist was 
beheaded. Only a few feet apart lie the streams of 
hot and cold water. These waters seem to be most 
salubrious, and are credited with medicinal virtues. 
This is a very volcanic region evidently. From the 
great clefts in the mountain sides, where one can 
distinctly hear the bubbling of the flowing hot waters, 
rise clouds of steam. Here grows the argal, the 
so-called grape of Sodom. The Zerka, a stream about 
as great as the Arnon and amid surroundings of much 
the same character, but having a small plain on the 
seashore that might very well be cultivated, flows into 
the sea fifteen minutes farther north. Here, as else- 
where, the wild oleander with its beautiful pink flowers 
is abundant, also the reed, with its feathery tuft or 
bloom “shaken by the wind.” 

Mount Nebo is about opposite the north end of th: 
sea, on the tablelands, and Medaba about ten miles 
inland in about a straight line. Kerak, the Bible Kir 
of Moab, is reached in four hours from Ghor-el-Mizra. 
Between Medaba and Kerak, before crossing the River 
Arnon, lies Dibon, the ancient Dibon, where was dis- 
covered the wonderful historic Moabite Stone whici: 
now lies in ‘the Louvre in Paris, and which so won 
derfully corroborates the Biblical story. 

As already stated, the trip occupied a week. Every 
night was spent upon the boat, where no mosquitoes 
or sandflies troubled the party. The temperatur+ 
although over 100 deg. F., was tempered by soft breezes 
from the north or south, these being the prevailing 
winds. At the south end of the sea is the open country, 
the Bible “Araba,” with only one slight rise above 
sea level, which fact gave rise to the wild scheme of 
connecting the waters of the Mediterranean and th 
Red Seas, thus furnishing the English with an alter 
nate route to India in case France shut off the Suez 
Canal. 


NORWEGIAN WATER POWER AND THE 
NITROGEN INDUSTRY. 

Tuere is a very great demand for nitrogen com- 
pounds, especially for nitrogenous fertilizer. The prin- 
cipal source of nitrogen, at present, is Chile saltpeter 
or sodium nitrate. In 1906 Germany alone imported 
600,000 tons of Chile nitrate, worth nearly $30,000,000, 
and three-fourths of this quantity was employed in 
agriculture. The total annual output of Chile nitrate 
is about two million tons. According to an interested 
statement six million tons of nitrates are required by 
the farms of the world. 

Of the processes that have been invented for con- 
verting the nitrogen of the atmosphere into tangible 
and available form, the most important are the Ger- 
man Frank-Caro process and the Norwegian Birkeland- 
Eyde process. Both employ water power as the source 
of energy, but the cost of power amounts to nearly 30 
per cent of the total cost of production in the Nc - 
wegian process and less than 10 per cent in the German 
process. Norway, however, is very abundantly pro- 
vided with the raw materials of the nitrogen industry 
and also with water power, little of which is now 
utilized. 

A plan has recently been formed for impressing the 
great Rjukanfos falls of the Skien River into the 
service of the nitrogen industry. The aggregate height 
of these falls, which are distributed over a distance 
of 5%, miles, is about 1,800 feet. In the natural condi- 
tion of the river (which is here called the Maana) the 
cross-section of the stream is sometimes diminished to 
16,000 square feet and its flow to 212 cubic feet per 
second. In order to increase the minimal cross-section 
and flow a reservoir having a capacity of 28 billion 
cubic feet has been formed by damming Lake Mjosvand 
and thus raising its level about 48 feet. The lake lies 
nearly 3,000 feet above sea level and 200 feet above 
the top of the first fall. This reservoir will increase 
the minimal flow from 212 to 1,660 cubie feet per 
recond. 

In the year 1920 it is expected that about 500,000 
horse-power will be obtained for the nitrogen industry 
from the Skien River. This power will produce, annu- 


ally, the equivalent of 300,000 tons of sodium nitrate. 
The whole of Norway is capable of furnishing, very 
cheaply, about 4 million horse-power, and therefore of 
producing annually the equivalent of 2.4 million tons 
of nitrate. It is not unlikely that the production will 
be further increased by improvements in the process 
of manufacture. 


A NEW VIEW OF THE MIGRATION OF 
BIRDS. 

Tue still unsolved problem of the migration of birds 
has recently given further incentive to interesting in- 
vestigation. The most salient feature of the latter 
is the origin of the paths of passage. To the directions 
of migration which birds of passage take when going to 
and from their winter quarters they hold with most 
obstinate faithfulness, even when such directions de- 
scribe greatly circuitous routes, making every effort 
to reach very far abodes for the winter though equally 
favorable places may be found much nearer to their 
brooding regions. So it happens that delicate singers, 
and weak flyers like the quail, do net shrink from 
flight over great stretches of sea, and that summer- 
birds of the high north wander regularly every year in 
the fall to the extreme south, to the Cape and to Aus- 
tralia. Precise proof of the tenacity with which many 
birds cling to their old paths of migration is afforded 
by the conduct of the white wagtail, for instance. While 
in winter it passes to the very interior of Africa, it 
may be found in summer anywhere in Europe and Asia, 
even in Greenland. From the latter country it never 
wanders in winter into North America, which, of 
course, can be reached with greater ease, but always 
follows the old road over which it first must have 
reached Greenland, that is, by way of Iceland, the Faroe 
Islands and England, which were once connected with 
one another by bridges of land as were still at the 
time of the Deluge the three peninsulas of Southern 
Europe with Africa. In these habits may be observed 
phenomena of heredity in deference to which, during 
the winter, every individual seeks, if not the locality 
which was the site of its origin, at least the regions 
that border the line of migration along which its 


progenitors either expanded their sites of residence o1 
founded new homes. As migratory birds usually, from 
preference, pass from one station of rest to another 
and therefore must follow, in a measure, the outlines 
of the country, it may be assumed that when the) 
wander across the ocean, though elsewhere paths of 
migration overland are at their disposal, they follow 
in accordance with old habit lines of coast which dis 
appeared long ago. 

In this way may be explained the fact that the hawk 
that broods in Eastern Siberia and Manchuria passes 
the winter in India and South Africa. Likewise wan- 
der the hoopoe and the crookbilled strand-snipe to 
Madagascar, while both are unknown in Africa south 
of the Equator. They follow the long chain of islands 
along which the migration of their ancestors toward 
the southwest occurred, and we can assume nothing 
other than that this migration was effected along « 
northern territorial connection, it may be by way ol 
Syria and Arabia, along the eastern coast of the black 
continent, or perhaps along the chain of islands, which. 
as relics of a former continent, might have been pres 
ent in far greater number in the past than at th« 
present day. It is, therefore, a valid conclusion that 
in the course of time the flight overland, over a path 
of bridges of land, has become a migration across the 
ocean. The birds, however, did not choose the bridges 
of land especially to avoid passage across sea and 
ocean; rather their path of migration was the result of 
the fact that the former territorial connection afforded 
them the sole possibility of scattering themselves 
toward the north or of a retreat to the south. Their 
lines of passage of the present day, consequently, are 
nothing other than the stupendously old paths which 
the birds have followed from time immemorial. 

Dull Varnish (Gawalowski’s).—Allow 12 to 14 parts 
of seed lac to steep in 9 to 11 parts of spirits of sal 
ammoniac. Then add 80 parts of water, in which 1 


to 2 parts of fluid extract of logwood, 0.1 part of blue 
vitriol and 0.1 part of sugar of lead have been dis- 
solved; shake well, and add just enough lamp-black 
te produce a deep black, 


A 
meaning 
cle,” and 
limits of 
sharp dis 
ing visib! 
that sucl 
clearly a 
actual aj 
betwee 
heavens | 
which ou 
ceeded in 
and a pl 
somewhat 
telescope 
upon it 
it is rath 
objective 
scopic ol 
creased 
the micro 
alone dee 
and as W 
our objec 
make 
with this 
by increa 
while we 
for thi: } 
and 1/50) 

Now. it 
objectives 
acouple | 
the micro 
meter, an 
say, the ret 
are about 
wave-lengt 
length, or 
figure son 
moment. 

It will | 
or separat 
particles ¢ 
a such, @ 
who state: 
small they 
trast of th 
and sensit 
ules, cocci 
field of vi 
separate t 
ful adjust1 
Oshow us 
As a ma 
W suitable 
ere really 
rdinary 
ight them 
ing no att 
bright disk 
mown as 
he work 
Mdebted f. 
hvestigat ic 
The prin 
thors ha 
bf motes o 
fiters a da 
server 
ight dows 
‘lit up as 
ites them 
tlinary w 


THE 


Despre 
rd Lind 
bysiolozic; 
0 When e 
ai been ¢ 
Nts on t 
faint y su 
Pthe mag 
ting the 
Ysioloy ics 
on who 
le field 
deed by pa 
Specially 


Sept 
| 
| 
| 


red. 
ray, 
‘iety 
chly 
rege. 
able 
and 
gis, 
here 
this 
king 
inst 
(the 
fe. 

athis 
with 
ery, 
his 
lies 
was 
s of 
nost 
ues. 


e ol 
rom 
ther 
ines 
they 
s of 
llow 
dis 


awk 
sses 
Vali- 
» to 
inds 
vard 
nine 
ga 
y ol 
lack 
lich, 
res 
the 
that 
yath 
the 
iges 
and 
it of 
‘ded 
Ives 
heir 
are 
hich 


arts 


SerTEMBER 24, 1910. 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1812. 203 


ULTRA-MICROSCOPIC PARTICLES. 


WHAT IS ULTRA-MICROSCOPY? 


A coop deal of misunderstanding exists as to the 
meaning of the expression “ultra-microscopic parti- 
cle,” and as to what is meant by the term beyond the 
limits of microscopic resolution.” The fact is that a 
sharp distinction must be made between the mere mak- 
ing visible of an object so that we can be made aware 
that such an object exists, and the seeing of it so 
clearly and so well resolved that we know what its 
actual appearance is like. One may draw a parallel 
betwee. the appearance presented by a star in the 
heavens Which appears merely as a point of light, and 
which our most powerful telescopes have never suc- 
ceeded in making anything but such a point of light, 
and a planet, which to the naked eye looks like a 
gsmewhat similar point of light, but which a good 
telescope shows to be a circular disk with markings 
upon it It is not really a question of, magnification ; 
it is rather a question of “resolution,” the power of an 
objective to show structure. In the case of a tele- 
scopic object-glass increased magnification and in- 
creased power of showing detail go together, but in 
the microscope objective the “aperture” of the objective 
alone decides the amount of detail that it can show, 
and as we cannot at present increase the aperture of 
ow objectives beyond a certain point, and yet can 
make objectives of 44 or 1/12 of an inch, or even less, 
with this maximum aperture, we gain no advantage 
by increasing our magnification beyond this point, 
while we do get many distinct disadvantages. It is 
for thi. reason that high-power objectives like 1/25 
and 1)” of an inch are now so seldom met with. 

Now. it has been found that with our microscope 
objectives of highest aperture we are able to resolve 
acouple of lines about a quarter of a micron apart, 
the micron being the one-thousandth part of a milli- 
meter, and represented by the Greek letter u. So we 
say, therefore, that the limits of microscopic resolution 
are about 0.25 w, which is actually about half the mean 
wave-length of light. By using light of shorter wave- 
length. or by using oblique light, we can reduce this 
figure somewhat, but this need not detain us at the 
moment. 

It will be noted that this is our limit for resolving 
or separating two lines this distance apart, but isolated 
jarticl:s of considerably less size can be made visible 
as such, and this was distinctly recognized by Abbe, 
Who states: “Such objects can be seen no matter how 
small they may be; it is only a question of the con- 
trast of the light effect, good definition of the objective, 
and sensitiveness of the retina.”” Thus, minute gran- 
ules, cocci, ete.. may be visible quite distinctly in a 
feld of view, where it would be found impossible to 
separate two lying close together, and the most care- 
ful adjustment of light or straining of the vision fails 
0show us their actual structure. 

As a matter of fact, we may go a step further and 
by suitable illumination may make visible objects that 
ere really so small that the microscope used in the 
rdinary way could not show them at all. We can 
ight them up as luminous bodies like the stars, show- 
ing no attempt at structure, but appearing merely as 
bright disks. It is particles of this size that are now 
mown as “ultra-microscopic particles,” and it is to 
he work of Siedentopf and Zsigmondy that we are 
ndebted for an entirely new branch of microscopic 
vestigation. 

The principle is simple enough, and to explain it the 
thors have used the homely illustration of a crowd 
Mf motes of dust dancing in a beam of sunlight which 
liters a dark room through a crack in the shutter, the 
server standing at one side so that the shaft of 
ight dows not enter his eye directly. Each mote will 
elit up as a disk of light clearly visible, whereas the 

tes themselves are much too small to be seen in the 
tlinary way by the unaided eye. So in the ultra- 


microscope designed by Siedentopf, a very narrow 
beam of light, collected by means of a slit and lens 
system from the sun or a powerful electric arc lamp, 
is passed into a fluid at right angles to the optic axis 
of the microscope and any particles suspended in this 
fluid will become visible as illuminated disks. But 
it must be again repeated that they will show no 
structure; they will merely be structureless disks of 
light. 

If 0.25 w is the limit of resolution in the microscope, 
what is the limit, therefore, of mere visibility? Theo- 
retically there is no limit other than the impossibility 
of getting light strong enough to make the smallest 
particles of all evident, but this limitation is, unfortu- 
nately, a real one. Zsigmondy states that as a result 
of his experiments with minute gold particles he has 
found that particles with a linear dimension of 15 uu 
(au = one-thousandth of a micron—see above) lie at 
the limit of visibility with the electric are light, and 
that smaller particles can be made evident only by 
using sunlight. The smallest which can as yet be 
rendered visible are about 5 wu, and these can only be 
seen with the brightest sunlight on very clear days 
and with efficient means of cutting off all extraneous 
light. Moreover, as the refractive index of metallic 
gold differs greatly from that of water, particles of 
other substances which are less than 15 ue cannot 
be made visible with the arc light under present condi- 
tions, except those of a few metals, and, perhaps, those 
of fluorescent dye-stuffs. This disposes.as Zsigmondy 
himself states, of many divergent statements as to the 
limits of visibility of ultra-microscopic particles, which 
may easily lead to an exaggerated idea of the method 
described by himself and Siedentopf. 

When this method was first announced hopes were 
raised that new light would be shed uvon the physical 
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A Human blood corpuscle .. = 
B Anthrax bacillus ee oe se 
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nature of colloidal solutions, and even of crystallo- 
graphic solutions, and that possibly even the molecule 
might be made visible, but the following measurements 
will show how far we are from this result. 
Zsigmondy’s’ investigations have been mainly 
directed toward the examination of gold particles in 
colloidal solutions, selected because of their conven- 
ience in many ways. Some idea of his results may be 
gained by observing that whereas an ordinary red- 
blood corpuscle (a common standard of comparative 
measurement) has a diameter of 7.5 uw, an anthrax 
bacillus a length of 4.15 w with a width of 1 uw, and 
cocci a diameter of 0.5-1 uw, particles in colloidal gold 


solutions may be as small as 0.0017-0.015 w (1.7-15 wu). 
Compared with these measurements, minute chough 
they are, we have to face the fact that the chioroform 
molecule has been estimated at 0.8 yu, the alcohol 
molecule at 0.5 wu, and the hydrogen molecule at 0.1 uu. 

The accompanying figures (adapted from Zsig- 
mondy’s “Colloids and the Ultra-microscope”’) may 
make this point clearer. They represent linear dimen- 
sions, A to £ having a linear magnification of 10,000, 
while f to m have a linear magnification -f 1,000,000. 

As we have already stated that the smallest particles 
which are visible under the most favorable conditions 
of sunlight are about 6 uu, it may, as Siedentopf him- 
self states, be taken for granted that with no artificial 
illumination, however intense, will it be possible to 
discern with the human eye dimensions so small as 
those attributed to medium-sized molecules (about 
0.6 uu). A reference to the accompanying figure will 
show, therefore, that the estimated measurements of 
such molecules as those of chloroform, alcohol, and 
hydrogen, leave them beyond our reach. 

With regard to other directions of investigation, 
however, Raehlmann has demonstrated the individual 
particles in glycogen solutions, and has followed in the 
ultra-microscope their disappearance upon tne addition 
of diastase. Romer has made analogous investigations 
concerning solutions of true proteins,-and the action 
of these particles toward specific ferments appears to 
prove that they are the essential constituents of gly- 
cogen and protein solutions. Romer has also identified 
albumen particles in the urine of nephritic patients. 
In all these cases, however, relatively large particles 
are being dealt with, as the electric are light gives 
sufficient illumination to make them visible. An inter- 
esting investigation is that of Biltz and Gahl, who 
investigated the decomposition of thiosulphurie acid, 
which slowly becomes turbid when acidified. This is 
either a case of crystalloid solution in a state of 
supersaturation, which is in a short time broken up 
into a suspension, or an imperceptible colloidal solu- 
tion is first formed, the particles of which will grow 
until they can be seen with the ultra-microscope. Biltz 
and Gahl have watched the process and shown that it 
is discontinuous, the field of view remaining for a time 
unchanged, then a sudden turbidity appearing and in- 
creasing, with the formation of definitely visible ultra- 
microscopic particles. Investigations by other workers 
have shown that glycogen solutions are filled with 
ultra-microscopic particles having an _ oscillatory 
motion. 

All these results have been set forth in much detail 
by Zsigmondy, whose book on “Colloids and the Ultra- 
* already alluded to, contains much pains- 
taking original work, and a full account of his appa- 
ratus and methods. He has been able to show the pres- 
ence of ultra-microscopic particles as an_ essential 
constituent of colloidal solutions, to measure the size 
in many cases, to show that the particles may be as 
coarse as 60-80 wu, or so fine as to be hardly distin- 
guished from many crystalloid solutions, and that 
numerous intermediaries exist. Moreover, he has 
shown that the smaller particles are in constant and 
very “active oscillatory and translatory motion,” dif- 
fering markedly from the irregular oscillation of 
Brownian movement. Further points elucidated are 
that in the case of metal subdivisions (e. g., gold in 
ruby glass) there is no relation between ‘he size of 
the particles and their color. A point of interest to 
bacteriologists is that protected gold particles of 30 uu 
and over easily pass through the pores of Chamberland 
filters, and those of Maassen and Pukall. In addition, 
Zsigmondy’s researches throw not a little light upon 
the relations existing between suspensions, colloidal 
and crystallographic solutions.—Knowledge and Scien- 
tific News. 


microscope,’ 


THE PHYSIOLOGICAL EFFECT OF 
MAGNETISM. 

Desprrx the negative effects obtained years ago by 
td Lindsay (now the Earl of Crawford), Prof. 
ioMpson recently succeeded in demonstrating a real 
tysiological effect due to magnetism. Some six years 
0 when experimenting with an electromagnet which 
ad been constructed to show his well-known experi- 
‘its on the repulsion of copper rings, he observed 
faint visual effect when his forehead was placed close 
bthe magnet. He recently found the means of pro- 
ting the visual effect (which is subjective and 
Ysiolovical) in a way that succeeds with every per- 
1 whom it has been tried. An alternating mag- 
le field of sufficient intensity and extent was pro- 
Wed by passing an alternating electric current around 
Pecially constructed magnetizing coil. 


On inserting the head into the interior of the coil 
in the dark, or with the eyes closed, there is perceived 
over the whole region of vision a faint, flickering 
illumination, colorless or of a slightly bluish tint. The 
period of the flicker is not well defined. It does not 
seem to be the same over the whole region of vision 
az the same time, nor is it equally bright over the whole 
region of vision, but is somewhat brighter in the 
peripheral region than in the central parts. Even in 
daylight, with the eyes open, one is conscious of a 
sensation of flicker superposed upon the ordinary 
vision. 

The effect is diminished by lowering the intensity 
of the field, and increased by raising it. Attempts to 
discover whether the brightness of the phenomenon 
stands in any relation to the direction of the axis 
of the field with respect to the directions of the prin- 


cipal axis of the skull have not yet revealed any defin- 
ite result. It will be necessary to apply more intense 
fields than have yet been tried. No after-effects of any 
kind have been experienced, either by Prof. Thompson 
or by any of the persons who have made the experi- 
ments with him.—Edison Monthly. 

According to the Foundry, the proper proportions 
of a copper alloy for soldering irons, copper ham- 
mers and all copper castings which do not require high 
electric conductivity, are obtained by mixing 96 pounds 
of copper and 4 pounds of zine. Two tablespoonfuls of 
salt should be added to the copper when first charged. 
The zine should be added after the copper is melted. 
The mixture is thoroughly stirred and the metal is 
allowed to superheat for a few minutes before being 
cast, 
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THE MECHANICS OF SAVING LIFE —III 


SAFETY PROVISIONS IN 
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THE UNITED STATES STEEL CORPORATION. 


BY DAVID S. BEYER, CHIEF SAFETY INSPECTOR, AMERICAN STEEL AND WIRE COMPANY. 


NEW PLANTS. 
In erecting a new plant or in making extensions to 
an old one, much of the machinery is bought in prac- 
tically completed form from outside manufacturers. 
When gear covers, etc., have to be adapted to old ma- 


Concluded from Supplement No. 1811, Page 186. 


This notice is stamped on correspondence, and the 
results which are already in evidence show that it is 
having a beneficial effect, from which other companies 
will profit as well as our own. 

The demand for more thorough safety precautions is 


YOU ARE RESPONSIBLE 


FOR THE SAFETY OF OTHERS 
AS WELL AS YOURSELF. 


Fie. 21.—LATHE BUILT TWELVE OR FIFTEEN YEARS AGO. 


A little attention has been given to protection, as the plate over front gears shows ; remaining 


gears are entirely exposed, 


Fig. 25.—PAY ENVE- 
LOPE WITH 
LEGEND. 


chines the results are always more or less unsatisfac- 
tory; the arrangement may be such as to afford no 
adequate means for attaching. a guard, or a cover which 
protects one part of the machine may interfere with 
some of the other working parts. These difficulties can 
all be avoided if sufficient thought and attention are 
given to safety considerations when new machinery is 
being designed, as the different parts can then be 
arranged most advantageously. In planning a new 
plant, the drawings are all checked over to see that 
the latest safety provisions have been included. The 
following note was inserted in a contract prepared re- 
eently for a mill to be erected by the American Steel 
and Wire Company: 

“Safeguarding the gears, spindles, couplings, collars, 
set-screws, keys, etc., will be covered as fully as pos- 
sible in the drawings which we furnish, but it is under- 
stood that these features shall be subject to the approval 
of our inspectors, who shall have free access at all 
times to the machinery while it is in process of con- 
struction and erection.” 

In addition to the detailed specifications for various 
classes of equipment, each of our purchasing agents 
has been supplied with the following stamp, with the 
object of further stimulating interest in safeguards on 
the part of machinery builders: 

Provisions for safeguarding workmen should be 
brought to our attention, as we will consider them in 
selecting new machinery and equipment. 


* The Survey. 


Fie. 23.—MILL SWITCHBOARD, SHOWING 
METHOD OF MARKING ELECTRICAL 


EQUIPMENT. 
The small sign at top of picture reading * Danger—Keep Away © is made 
of non-conducting fiber and is hung over a switch when anyone 


is working on the machinery it controls, 


Fie. 22.—LATHE OF RECENT DESIGN. THE GEARING IS 


SCARCELY VISIBLE. 


becoming recognized by manufacturers generally, and 
when requested most of them will furnish very good 
forms of protection. Figs. 21 and 22 illustrate the 
improvement which is being made in machine tools 
and crane design; where open gears were the rule a 
few years ago, everything is now smoothly covered, and 
the gearing is practically invisible. 


THE HUMAN ELEMENT, 


From statistics which have been prepared both in 
this country and in Germany, it would appear that 
about one-third of the total number of industrial acci- 
dents are attributable in whole or in part directly to 
carelessness or negligence on the part of the workers 


liberties with a red hot rod. Anyone who has watchs 
a gang of structural workers twenty stories in the qj 
scaling the steel columns of a new building, must 
impressed with the needless risks that these men 
We are endeavoring to bring about a change of seni 


Fig. 26. 

An electric gong on corner of 
building which rings auto- 
matically when there is shift- 
ing on this track. 


Fig. 33. 

Guard for frogs made of steel 
plate to prevent a foot being 
caught in the wedge-shaped 
space between rails. 


out. The following wordings are a few of those whit 
have been ufed for this purpose: 

The exercise of care to prevent accidents is a @ 
which you owe to yourself and your fellow employe 


ment among the workme 
to make them realize that jj 
is quite as worthy and ho 
orable to be careful and ng 
to take such risks as it ig, 
assume the reckless, d 
devil attitude that is oft 
found. There are dining 
rooms in many of g 
plants where the foreme 
assemble for lunch, with 
more or less informal bi 
ness meeting after the mel 
Reports of accidents 
discussed here, letters of j 
structions and general gs 
ty recommendations 
taken up; talks are give 
and a constant effort 
made to impress upon 
foremen their responsibilit 
in warning the men in the 
charge, or cautioning the 
when they see them in 
dangerous practice. 
When the men rece} 
their pay enivelopes, the 
find little ‘“sermonette 
printed on the backs of 
envelopes, urging them 
take care for the safety 
themselves and others (Fi 
25). These are placed 
on certain printed fo 
which are used largely 
the mills, such as the she 
on which the time dist 
tion of the men is record 
and those on which requ 
tions for material are fil 


Always be careful and take no risks. 


Fie. 24.—CRANE RUNWAY OVER SCALE PIT. 


The sign at the upper left hand corner reminds anyone going on the runway to notify operator and to place 
proper “ danger sign."’ There is a walk with railing the entire length of. this runway from which 
operator can step onto crane at any point, " 


themselves. In other words, a considerable percentage 
of the accidents which occur can be charged to the 
human element and cannot be prevented by mechanical 
safeguards. If they are to be materially reduced they 
require other treatment. 

The problem here is largely a psychological one, and 
we are working on it in a number of different ways. 
Men are prone to take chances, and it is not surprising 
if the same spirit which causes one man to ignore a 
cold until pneumonia succeeds it, or to risk his home 
in the stock market, causes another to take reckless 


Carelessness as to the safety of yourself or 
will be sufficient cause for dismissal, 

The more you insist upon carefulness on the 
of others, as well as exercise it yourself, the safe 


will be for all. 


Report all injuries however trivial; blood poise 
is the result of neglected wounds.* 

Realizing that what is sometimes classed as a 
Rees May be merely thoughtlessness or lack of W 


* This is intended to encourage the men to make use of thet 


facilities described later, 
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standing, signs are posted in the mills which are 
jntended to keep the necessity of caution fresh in the 
mind. Following a newspaper, acgount of an accident 
jn an outside company, where three men were crushed 
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Signs are placed at ladders or passageways leading 
to crane run-ways, instructing men to notify the crane 
operator before doing any work on a crane; warning 
signs are hung on valves, switches, and controlling 
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has been said that “familiarity breeds contempt,” and 
this is nowhere more strikingly demonstrated than in 
the mills. 

While investigating a case recently, where the general 


iat is ofte 
are lining 
iy of 
ne foreme 
ich, with 
ormal bu 
or the meal Fre. 22.—PROTECTIVE DEVICE FOR TRAP 
idents DOORS. 
etters of i The guard rods rest on ledgeof door frame when cover is raised and drop 
eneral saj down out of the way when it is closed, 
ations Fia. 29. 
are giv Fie. 27.—SIGN FOR ATTRACTING ATTENTION levers of various kinds of machinery to guard against Warning sign to attract attention to workmen overhead, intended to 
t effort AT RAILROAD TRACK. ¢ their being started while the men are working where prevent injury from falling tools or material, 
s upon they might be injured; notices are placed at railroad 
sponsibiliggg to death in the air cylinder of a blowing engine, this crossings and along tracks, in freight elevators, and in foreman of a rod mill was injured, one of this man’s 
nen in theg—y notice was posted in each of the blowing engine rooms other places where they will attract attention to pos- assistants took me to the location in the mill where 
oning tha of the American Steel and Wire Company: sible dangers. the accident had occurred, stepping over running lines 
hem in fi Fig. 23 shows the warning sign which is used for of red hot rods to reach the exact spot. He explained 
ice. ‘NOTICE. marking electrical equipment. It is printed in six that a guard of wire netting had been placed at the 
en recei ALL PERSONS ARE POSITIVELY FOR- languages and is surmounted by branching lines of “red _ rolls, which was supposedly fine enough in mesh to 
lopes, th BIDDEN TO ENTER AN AIR CYLINDER OF lightning” which ought to make it universally under- prevent a rod going through it. By a peculiar chance, 
ermonette A BLOWING ENGINE UNTIL FLY WHEELS stood. The smaller sign at the top of the picture, however, a rod which was exactly the same diameter 
acks of HAVE BEEN SECURELY BLOCKED, TO marked “Danger—-Keey Away,” is made of non-conduct- as the opening in the mesh struck the screen fairly and 
ig them a ee ing fiber and is hung over the controlling switch to went straight through it, injuring the man standing in 
1e safety show that it should not be operated. front. With this catastrophe thus vividly before him, 
others (Fi Supt.” It is difficult to get the men to exercise the continued my guide started to show me another part of the mill, 
placed care which is necessary to guard against accidents. It but instead of going round about somewhat as he might 
nted fo 
largely 
s the she 
me dist 
is reco’ 
lich requ 
al are fil 
those 
is is ad 
employe 
or 
on the 
the Fie. 81.—SAFETY HOOD. REAR Fie. 30.—WORKMAN EQUIPPED Fie. 82.—GRILL WORK PROTECTION FOR BINS AND 
od poise VIEW. WITH SAFETY HOOD. HOPPERS. 
The same air supply is breathec over ani over Ready to enter a gaseous atmosphere. This is a type Sometimes a workman falls through a car of coal or ore into the bin underneath the track 
again, being constantly purified and supplic of equipment which is used largely for rescue where he is hable to be suffocated if he cannot be gotten out 

Las ca with necessary oxyyen; work in mines and has been provided for promptly, 
ck of gas engine plants. 
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have done, he went directly along a line of guide pipes 
through which hot rods were running at the rate of 
1,100 feet a minute. In doing so, he said apologetically, 
“We'd better hurry here, as a rod sometimes jumps 
from the pipes.” If a loaded rifle were mounted in a 
mill and arranged to discharge at uncertain intervals, 
a man who passed in front of it would be considered 
foolish, and yet this is practically what some men are 
doing daily in the mills. 

I later talked to the injured foreman and he assured 
me that he had been positive that the screen was fine 
enough to stop anything which would be rolled there, 
and had been greatly surprised to find that the rod 
could get through; he saw it coming and tried to 
“dodge” it, but was not quick enough. As it was, he 
escaped very fortunately from what might have been a 
fatal injury. Although the hot rod practically passed 
through his body, penetrating a lung in its course, he 
was ‘in the hospital but two weeks, and was back at 
his regular duties in the mill four months later. 

Anyone who is familiar with mill conditions, or, to 
put it more broadly, who knows something of human 
nature, realizes how difficult it is to change the accus- 
tomed method of doing things. When a safety appli- 
ance is installed it may involve some inconvenience 
to the workmen— it requires adjustment and repairs 
—at least it is something new, and the man who has 
been getting along without it for several years is gen- 
erally against it. If he has never seen an accident of 
the kind in question it seems a very remote possibility 
to him. 

It is a slow process of education, but by continued 
agitation, by thorough inspection in which officials 
and workmen join for the common good, by commend- 
ing what is good and holding it up as a mode! for all, 
the standard of safety conditions is being steadily 
raised. 

RESULTS, 

In considering the results of this work, a compari- 
son of the number of accidents occurring in the differ- 
ent mills shows much irregularity. A large percentage 
of reduction was made in some plants in 1909, as com- 
pared with the preceding year, but very little change 
appeared in others where an equal effort was made to 
improve conditions. The total number of accidents, 
however, is a very indefinite standard of comparison 
for several reasons. Slight injuries, of which no notice 
was taken a few years ago, are now reported; a par- 
ticle of emery dust in the eye, or an insignificant 
scratch on the hand may become infected later and 
develop serious complications, so that greater emphasis 
is placed on having al! such cases reported promptly 
and having proper attention given them, even though 
no time is lost by the man affected. 

One is impressed with the capriciousness of fate 
when confronted with the peculiar ways in which 
accidents occur. An engineer. had started home one 
evening at the end of the turn, but stopped for a 
moment to explain to the night man why he had been 
five minutes late in going on duty that morning; in 
doing so he placed his elbow on the end of the engine 
cylinder, and just at that moment the connecting rod 
broke and the cylinder head was knocked out, injuring 
him fatally. In September, 1909, there were three iso- 
lated fatal accidents in one of the Pittsburg mills, 
while there was none in all of the other thirty odd 
plants of the American Steel and Wire Company; in 
the succeeding month two men met fatal injury in 
one of the Cleveland mills, while, as before, these 
were the only fatalities for the entire company. 

On the other hand, there are quite as striking in- 


stances Where what might haye been serious catas 
trophes have passed off harmlessly. In one of our 
plants there is a group of machines in a building 
adjacent to the boiler plant; a couple of years ago 
the main belt furnishing power to these machines 
broke about midnight, and it was decided that it was 
useless to try to repair the belt that night, so the men 
were sent home. A little later a high wind which 
was blowing tore down the boiler stacks, and they fell 
over the building in which these men had been em- 
ployed a short time «before, parts of the wall were 
knocked down and a section of the roof fell in. The 
next morning the heavy beams and timbers which were 
lying over these machines indicated what might have 
resulted if that main* belt had not snapped and the 
men had remained at work. Notwithstanding the fact 
that two buildings were wrecked, and a sixteen-inch 
steam main was broken ih the boiler plant, no one 
was injured. 

Such occurrences introduce a large element of 
chance, which tends to invalidate any comparison from 
nonth to month, or year to year, and the plants are 
being constantly extended, giving an increasing num- 
ber of employees to be considered. With these varying 
factors it would require a detailed study and analysis 
of classified injuries extending over a period of years 
to give any convincing statistical information as to 
the decrease effected; and so far we have been con- 
centrating on the active work of accident prevention, 
rather than on theoretical. research of this nature. 

We are very certain, however, as to the results, and 
numerous specific instances which might be cited give 


definite clues as to what is being accomplished. ‘In . 


one of our eastern plants, power is furnished to three 
floors of a wire mill by a motor located in the base- 
ment. We planned an installation of push buttons for 
stopping the motor from the different floors, but had 
considerable difficulty in getting a safe arrangement 
on account of the fact that a high voltage current was 
used. For several months experimental work was 
conducted and various devices and expedients were 
tried, until finally a satisfactory arrangement was 
secured. Shortly after the installation was completed 
an operator was caught on the second floor of the 
building and was drawn to the block; his assistant 
pushed a button and stopped the machinery almost 
instantaneously, preventing any serious injury. With- 
out the stopping device this man would probably have 
been killed, as it would have been necessary to go 
from the second floor to the basement to shut down 
the motor. There have been three specific instances in 
the last year where these motor stops have been simi- 
larly effective. 

There have been several cases during the same 
period, where accidents have occurred in places cov- 
ered by recommendations of safety inspectors, before 
these places could be safeguarded, showing conclu- 
sively that it is, possible to anticipate trouble of this 
sort. During an inspection tour of a plant outside the 
American Steel and Wire Company, the writer went 
over various features of the electrical installation with 
the chief electrician of the plant; among other points 
which were mentioned was the provision of sweep 
brushes in front of: the crane wheels, as some of the 
cranes had these while others did not. The electrician 
acknowledged the value of this device, and said that 
it would be placed on all cranes as promptly as pos- 
sible. The day following a man had his arm cut off 
by one of the unprotected cranes; he was holding to 
the girder with his arm across the track while adjust- 
ing an electric wire, and had failed to notify the crane 
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operator that he was there. If the crane had beg 
equipped with brushes, the most serious result, regan 
less of his lack of ordinary precaution, would hay. 
been a fall of about six feet to a platform. Numeroyg 
instances of this sort could be cited, and while it 
generally impossible to point out a particular gafe 
guard and say it has prevented an accident, it jg 
obvious that the thousands of protective devices whic 
have been installed in the various plants of the con 
pany must frequently prevent injuries which wou 
otherwise occur. 


PRELIEF ORGANIZATIONS. 


In concluding, it might be well to mention briefy 
the methods used by the American Steel and Wir 
Company in caring for injured men, and those who ar 
incapacitated by sickness or who have reached the 
age limit for retirement. 

There is an emergency hospital! at each plant to giye 
prompt aid to the injured; these hospitals are fully 
equipped with surgical instruments, dressings, beds 
ete.. and each is in charge of a competent surgeon 
paid by the company. In the larger plants, where cir. 
cumstances warrant, nurses are in constant aitend. 
ance. Very serious cases are sent to the public hos 
pitals at the company’s expense, and all injured mey 
are cared for until they have fully recovered, irre. 
spective of the manner in which their injuries wer 
received. In cases of prolonged disability fin: necial 
assistance is given to the injured man, according to 
the merits of the case, based on his age, family rela 
tions, and record as to term of service and faithful 
ness. These injury benefits are dispensed equiiably 
without consideration as to whether the company is 
legally responsible for the injury or not. 

In each plant there is a “mill committee,” com- 
posed chiefly of foremen, whose duty it is to seek out 
and wisit faithful employees who may have become 
sick and destitute. This committee investigates such 
cases and makes recommendations for financial elief 
for those whom it considers deserving; during the 
year 1909 more than $7,000 was distributed 2) atui- 
tously in this way by the American Steel and Wire 
Company. 

There is, in addition, a pension department, which 
was established in January, 1902. Pensions are 
granted to employees who have reached the ave of 
sixty-five and who have been in the service of! the 
comparry, or any of its predecessors, for ten yvars; 
also to any who have reached the age of fifty-five and 
are physically disqualified for further service, provid- 
ed they have been employed the preceding ten con- 
secutive years. 

The following uniform method is used in computing 
the amount of these pensions: for each year of service, 
one per cent of the average monthly pay for the ten 
years preceding retirement, is allowed; for example, a 
man who has been in the service of the company for 
forty years, and has drawn an average of seventy-five 
dollars a month for the last ten years, would receive 
forty per cent of seventy-five dollars, or thirty dollarsa 
month pension. Pensioners are allowed to seek em- 
ployment elsewhere if they desire, and the utmost 
freedom of travel and residence is given them. In 
1909 the American Steel and Wire Company had 419 
retired pensioners, some of them being located in 


England, Ireland and Sweden, besides various parts 


of the United States; they received in pensions during 
the year a total of $56,712. The pension fund is main- 
tained entirely by the company, without assessment 
or contribution from the employees. 


TWO INTERESTING EXPERIMENTS WITH 
CARBON DIOXIDE. 

Two interesting experiments illustrating the phy- 
sical properties and chemical composition of carbon 
dioxide, or carbonic acid gas, as it is more commonly 
called, may be performed with the following simple 
apparatus and materials; a large glass preserve jar, 
a small candelabrum, or artificial Christmas tree, a 
pint or quart bottle with a well oiled cork, a strip 
of magnesium ribbon, and some bicarbonate of soda 
(baking soda) and vinegar. 

The Christmas tree is placed in the glass jar, and 
the tapers are lighted. A tablespoonful of soda is 
placed in the bottle and covered with vinegar, and 
the bottle is corked. The acetic acid of the vinegar 
combines with the sodium of the soda and expels 
carbon dioxide. This gas accumulates in the bottle 
until it acquires sufficient pressure to drive out the 


cork with a loud report. If the bottle is now held- 


in a horizontal position with its mouth over the top 
of the jar, as shown in the illustration, the carbon 
dioxide, which is heavier than air, can be poured out 
like water, and will fall to the bottom of the jar, 
displacing the air. As the pouring is continued and 
the level of the carbon dioxide in the jar rises, the 
tapers are extinguished one by one, beginning with 
the lowest and ending with the highest. The jar is 
now full of carbon dioxide. If we now light the 
magnesium ribbon ‘and place it in the jar we find 


that, unlike the tapers, it is not extinguished, but on 
the contrary burns more brilliantly than it did in the 
air, and with a loud crackiing noise. As it burns, it 
scatters black particles of carbon, while a_ white 


TWO INTERESTING EXPERIMENTS WITH 
CARBON DIOXIDE. 


powder, magnesium oxide or magnesia, falls to the 
bottom of the jar. 

These experiments show: first, that great and ex- 
plosive pressure may be developed by carbon dioxide, 
when confined; second, that carbon dioxide does not 


sustain, but prevents ordinary combustion; third. 
that it is heavier than air, as it falls to the boitow 
of the jar and extinguishes the lowest light first: 
fourth, that it is composed of carbon, which is sepa 
rated as a black powder, and oxygen, which com)ines 
with the burning magnesium to form magnesia— 
Kosmos. 


Not very long ago, states the Builder, timber was 
selected entirely according to its external appearance. 
The diameter and length of the piece, the straightness 
of grain, sometimes the weight, sufficed to determine 
both its commercial value and its destination. The 
diversified industries of the present day require 4 
corresponding diversity in the wood employed. For 
one purpose, the important quality is hardness; for 
another, elasticity; for a third, ease of working. oF 
resistance to attack by external agencies. The hand 
magnifying glass, which was first employed, has 
ceased to suffice for the exact determination of the 
structure of wood. The compound microscope is noW 
used for the minute and careful examination of 
longitudinal and transverse sections of a specimen of 
timber, the commercial value and the proper indusirial 
employment of which it is desired to determine. ‘ine 
grain and thick-walled cells assure the solidity and 
resistance which are required in carpentry, and these 
qualities are incompatible with an abundance of 
parenchymatous tissue, filled with starch. 
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THE CONSTITUTION OF THE EARTRH’S INTERIOR. 


A REVIEW OF RECENT GEOLOGIC THEORIES. 


ONLY @ very-small part of our planet is accessible 
to direet examination. Nearly three-quarters of the 
surface of the globe is covered by water, a large propor- 
tion of the land is buried under a thick layer of ice, 
and much of the remainder is still unexplored. Our 
direct knowledge of the interior of the earth is still 


‘ more restricted. The deepest boring that has yet been 


made, in Czuchow, Silesia, has a depth of only 7,350 
feet, or less than 114 miles, a quantity very small in 
comparison with the length of the earth’s radius, 
which is nearly 4,000 miles. The furrows in the earth's 
surface, which are called valleys, also give some insight 
into the internal structure of the globe, but the differ- 
ence in level between the deepest valley and the loftiest 
mountain is little more than five miles. But, although 
we cannot look into the interior of the earth or make 
any absolutely certain statement about its constitu- 
tion, We can draw conclusions of great probability 
and far-reaching importance from the observations and 
calculations that have been made by many investiga- 
tors. These conclusions are discussed in a masterly 
mauner by Eduard Suess, in the last volume of his 
great work, “Das Antlitz der Erde” (“The Face of the 
Earth’). 

The density of the earth, as a whole, is 5.5 or 5.6. 
As the density of the heaviest known rocks is only 
about 3.5, we are compelled to assume the existence 
of « central nucleus of much greater density. Now, the 
me‘eorites which fall to the earth from interplanetary 
spaces probably resemble the interior of the earth in 
constitution, for there is good reason to believe that 
these meteorites, as well as the asteroids, are frag- 
ments resulting from the shattering of a planet which 
formerly moved in an orbit intermediate between those 
of Mars and Jupiter. Although most of the asteroids 
are still confined to this region, a few of them penetrate 
within the orbit of Mars and therefore come compara- 
tively near the earth. Smaller and smaller asteroids 
are continually discovered as our telescopes are im- 
proved. Some of the recently discovered asteroids are 
not spherical, but have irregular and angular forms, 
which clearly indicate that they are fragments de- 
tached from a larger body. It is probable that all of 
the asteroids are fragments of the same body, and, as 
some of them are found inside the orbit of Mars, it 
may be conjectured that small fragments come within 
the earth’s sphere of attraction and fall to the earth as 
meteorites. 

A great number of meteorites have been examined, 
but all of them belong to a very few (five or six) petro- 
graphie classes. This uniformity indicates a common 
origin. In some cases showers of meteorites of a given 
class occur at regular intervals of a year or less, so 
that it is probable that the body from which they came 
was a member of the solar system, and a near neighbor 
of the earth. 

The known meteorites have been classified according 
to their density by Daubréet. The heaviest are the 
iron meteorites, which comprise a majority of the 
whole number. These are composed chiefly of metallic 
iron, and contain about 6 per cent of nickel, and smaller 
quantities of chromium, platinum, iridium and gold. 
The meteorites of the next heaviest class, the pallas- 
ites, consist chiefly of an alloy of iron and nickel, and 
contain particles of peridot or olivin, the most basic 
silicate that can be formed. This class marks the tran- 
sition from the iron meteorites to the following classes, 
which are called, collectively, stone meteorites. The 
heaviest of the stone meteorites are the chondrites, 
which are composed essentially of basic silicates of 
iron and magnesia, and sometimes contain particles of 
nickel-iron. Next come the encrites, which correspond 
in composition with the feldspathic rocks, and, lastly, 
the glass meteorites or tectites, which are the least 
basic or most silicious of all. If we assume that the 
composition of the earth is similar to that of this hypo- 
thetical shattered planet and that its mineral constitu- 
ents are arranged in the order of density, we are com- 
pelled to adopt the hypothesis of a nucleus composed 
of heavy metals, chiefly iron, and an enveloping layer 
of rock, of greater or less thickness. The metallic 
nucleus has been named the barysphere, and the rocky 
shel! the lithosphere. The latter is partly overlaid by 
the hydrosphere, or ocean, and the atmosphere en- 
velops the whole. 

The same result has been reached by a different 
toad. Earthquake shocks are propagated through the 
earth with measurable velocities. It has been discov- 
ered that the velocity of propagation remains constant 
for all distances between the points of observation 
(represented in the accompanying diagram by ac, ab) 
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up to a certain limiting value (ab), but when this limit 
is exceeded (ad), the average velocity of propagation 
changes with the distance, according to a perfectly defi- 
nite law. These facts are explicable on the theory that 
the earth contains an inner sphere of greater density 
and that the wave by which the shock is transmitted 
between any two points of the earth’s surface (such 
as a and d) which are separated by a distance greater 
than the length of the chord tangent to this inner 
sphere, passes partly through the inner sphere, is 
refracted at its surface (at x and 7,:) and follows a 
broken line (a x z, d). On this theory the density 
changes suddenly from 3.5 to 7.8 at the surface of the 
inner sphere, which is estimated to lie about 1,000 
miles, or one-fourth of the earth’s radius, below the 
surface of the earth. As 3.5 is the density of the 
heaviest known rocks and 7.8 is the density of iron, 
the results of these calculations, which were made by 
Wiechert and Oldham, agree perfectly with those ob- 
tained from the study of meteorites. 

The comparison between meteorites and the earth's 
interior can be carried still further. When the known 
rocks are classified according to the proportions of 
silica which they contain, the classes thus formed ex- 
hibit a striking resemblance to the subdivisions of the 
stone and glass meteorites, and, as the density in- 
creases as the percentage of silica diminishes, it may 
fairly be assumed that the rocks are arranged from 
below t >ward, in the earth, in the erder of diminishing 
density or increasing proportion of silica. On this 
theory the lowermost stratum consists chiefly of very 
basic silicates of magnesia and iron. Above these lie 
feldspathic rocks containing aluminium silicates, and 
these in turn are overlaid by granitic rocks containing 


Section of the Earth and Its Dense Nucleus, or 
Barysphere, Showing Reproduction of Earth- 
quake Wave by the Latter. 


a large proportion of feldspar and an excess of free 
silica, in the form of quartz. 

Suess, following the example of American petro- 
graphers, has given the name sima (from silicon. and 
magnesium) to the lower, heavier and more basic part 
of the lithosphere; the name sal (from silicon and 
aluminium) to the upper, lighter and more silicious 
part, and the name nife (from nickel and ferrum) to 
the metallic barysphere below the sima. To certain 
very basic rocks which contain large proportions of 
nickel, chromium and iron, Suess gives the significant 
names nifesima, crofesima, and nicrofesima. 

The sudden change of density from 3.5 to 7.8 at the 
lower limit of the lithosphere, 1,000 miles below the 
earth’s surface, as deduced frém seismic phenomena, 
finds a striking parallel in the constitution of the pal- 
lasite group of meteorites, which contain distinct 
grains of olivin, having a density between 3.2 and 3.4, 
embedded in a metallic conglomerate, having a density 
between 7.2 and 7.7. 

The relative thickness of the two divisions of the 
lithosphere are not so easily determined, for the sima 
shades gradually into the sal, without any sharp line of 
demarcation. The low density (2.5 to 2.8) of the sal, 
or upper portion, however, justifies the inference that 
this stratum is relatively thin, and this conclusion is 
supported by the comparative weakness or entire ab- 
sence of the lines of its characteristic elements in the 
spectra of the sun and stars. The frequent occurrence 
on the earth’s surface of eruptive rocks originating in 
the sima, or lower stratum, also indicates that the 
enveloping shell, the sal. is not very thick. 

The sedimentary rocks have unquestionably been pro- 
duced, mainly, by transformation of rocks of the sal, 
or upper and lighter stratum, by the agency of water, 
wind, chemical action and organic life. 

Now let us suppose that a fluid magma is brought up 
by voleanig action from the boundary between sima 
and sal ‘6 the surfaces of the earth and there slowly 
cools and hardens. In the resulting mass of rock we 
should expect to find the same differentiation that 
exists at the place of its origin. Coleman has described 


an excellent example which occurs near Sudbury, 
in Canada. In this case, however, the volcanic magma 
did not attain the earth's surface, but solidified at a 
considerable depth beneath it, forming a bed of vol- 
canic rock 36 miles long, 16 miles wide and 6,600 feet 
thick, in which a differentiation according to density 
has taken place, extending from a granite, containing 
66.9 per cent of silica, at the top of the bed, to a gray 
norite, containing 54.6 per cent of silica, at the bottom. 
The whole mass rests upon gneiss, quartzite and other 
primitive rocks, and is overlaid by pre-Cambrian sedi- 
mentary deposits, i. e., by the oldest of known stratified 
rocks. The differentiation of the voleanic layer has 
been carried so far that at the bottom, in inequalities of 
the primitive substratum, are found deposits of copper 
ore and nickeliferous iron ore, together with silver. 
gold, platinum and other heavy metals. Hence, we find 
here, within a depth of 6,600 feet, a repetition on a 
small scale of the process which our theory assumes 
to have taken place throughout the earth as a whole. 
There are many reasons for believing that the earth 
was at one time, as the sun is now, a fluid and incan- 
descent mass, and it is also well known that metals and 
other substances in the fused or liquid state absorb 
gases, which they expel on cooling. Hence we are 
forced to believe that gases have been absorbed and are 
now being evolved by the earth. It has long been 
known that water furnishes the motive power of ali 
voleanic eruptions. It was formerly assumed that this 
water percolates from the ocean through the earth 
until it comes into contact with hot magmas and be- 
comes vaporized with explosive suddenness. This 
theory was apparently confirmed by the fact that most 
volcanoes are situated near the seacoast. Volcanoes 
remote from. the ocean were subsequently discovered, 
Poulett Scrope showed that the intimate mixture of 
water and lava which is observed in volcanic eruptions 
could not be produced by infiltration and, finally, atten- 
tion was directed to the fact that volcanoes emit, in 
addition to water vapor, great volumes of other gases, 
including carbon dioxide and compounds of chlorine, 
fluorine, sulphur and arsenic, which cannot be derived 
from sea water 
Suess proved, in 1902, that the water vapor and other 
gases emitted by volcanoes come from the interior of 
the earth and have never been exposed to the light 
of day until the moment of the eruption. Hence, the 
name “juvenile” has been applied to such water and 
gases. It has been discovered that the flow of these 
juvenile vapors from the earth’s interior takes place 
with a certain regularity and depends upon the tem- 
perature to which the volcano has cooled after the 
eruption. The outflow of fluorine and chlorine ceases 
first, then that of arsenic and sulphur, while the evolu- 
tion of carbon dioxide continues longest. These ex- 
halations are called, generally, fumaroles; those of 
sulphurous gases are known, specifically, as solfataras 
and those of carbon dioxide as mofettes. The fumaroles 
may remain active long after the volcano itself has 
become extinct. Like the “juvenile” hot springs, the 
fumaroles represent a mild form of volcanic activity. 
Every volcanic eruption increases the quantity of 
water on the earth’s surface. Suess goes so far as 
to assert that all the water of the oceans has been 
derived from the gases exhaled by the earth. The 
primordial atmosphere, which certainly contained much 
water, must have been the first result of this process. 
It is known that all of the rocks which are called 
voleanic have come from below, but it is uncertain 
whether they have risen from the fluid interior of the 
earth, or, as many geologists assume, from smaller 
molten masses imprisoned in the solid crust. These 
rocks have been driven upward by the expansive force 
of the water vapor and other gases which they con- 
tained, as soda water is forced out of the bottle when 
the pressure which kept the carbon dioxide in solution 
is removed by drawing the cork. In some cases the 
fluid. magma reaches the surface as the lava of a vol- 
canic eruption, in other cases the uplifting force ceases 
to act before the surface is attained, and the magma 
solidifies into deeply buried plutonic rocks. It is not 
yet decided whether these rocks make a way and a 
place for themselves or merely fill pre-existing cavities, 
Probably both cases have occurred. In the former, it 


is not easy to imagine the mechanism of the process. 
According to one view, the surrounding and overlying 
rocks are melted by the heat of the liquid magma, 
which thus “eats its way” through the solid crust. A 
nearly related theory, which finds support in numer- 
ous observations, assumes that the fissures which exist 
in all rock formations are filled with the liquid magma 
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and then enlarged by fusion. According to either of 
these theories the structure and position of the over- 
lying strata are not affected. In some cases, however, 
these strata have evidently been elevated by the pres- 
sure of the liquid magma beneath, but it is uncertain 
to what extent the upheaval of mountain chains is due 
to this cause. 

All plutonic rocks are traversed by or associated with 
veins containing minerals which are foreign to the 
rocks themselves. These veins have been formed by 
gases escaping from the magma, as fumaroles are 
formed about volcanoes. Some of them contain pyrites, 
glance and blende, i. e., compounds of sulphur and 
arsenic with the heavy metals, and correspond to tlie 
sulphur and arsenic fumaroles, or solfataras; others 
contain dolomite and correspond to the mofettes. 

From the above it appears that, despite the almost 
entire absence of direct observations, we have learned 
much concerning the essential constitution of the 
earth’s interior, and have formulated several good 
working hypotheses concerning its physical condition. 
But a vast and promising field still awaits exploration 
and many years of labor will be required to make our 
knowledge certain and reasonably complete.—Trans- 
lated from Umschau. 

ENGINEERING NOTES. 

A masonry bridge of a single span of 262 feet has 
just been constructed near Montanges to carry the 
Bellegarde-Chezery Light Railway across the Varlser- 
ine River, an affluent of the Rhdéne, at a height of 204 
feet above the river bed. 

A report from San Francisco states that a great 


railway enterprise reached its concluding stage on™ 


Monday, when, amid the enthusiastic applause of a 
vast crowd, the new Western Pacific Railway was 
opened. The new railway is the last link of the 
Gould system from Salt Lake City to San Francisco. 
It is 927 miles long, and runs over the Sierra Nevada 
Mountains, attaining an altitude of 5,875 feet, and 
completes the new transcontinental line over America. 

Messrs. Yarrow & Co.of Glasgow have at present in 
hand two destroyers for the British government of a 
special type. They are building in Holland two de- 
stroyers, 230 feet long by 21 feet 6 inches beam, for 
the Dutch government. They also have in hand one 
destroyer for the Portuguese government, the hull of 
which is being built in Lisbon and the machinery and 
boilers supplied from Messrs. Yarrow’s works at Glas- 
gow. They are also building two fast gunboats, pro- 
pelled by internal-combustion engines, for the Gov- 
ernor-General of Bagdad. 

The Railway Commission of Louisiana has ordered 
certain railways to carry passengers on freight trains. 
It finds that many railways in Louisiana are carrying 
passengers on freight trains and that schedules of 
passenger trains on certain railways or on parts of 
certain lines are such that trains run at night, mak- 
ing it extremely inconvenfent for passengers to use 
the regular passenger trains. The Commission says 
that many of the larger railways in the State are fur- 
nishing an excellent passenger service, operating trains 
frequently, and on convenient schedules. A general 
order, therefore, requiring all railways to carry pas- 
sengers on freight trains is not made, but the order 
is confined to certain lines. 

From an early treatise by Moxon, published in 1680 
in England, it is certain at that time the lathe was 
developed to a point where it was possible to turn out 
high-class ornamental woodwork, including oval 
shapes, but anything more than this was beyond its 
power until the slide-rest was invented. Devices for 
clamping the cutting tools in a fixed position were 
comparatively early, but the first appearance of the 
slide-rest dates from 1772. Complete drawings and 
details of an excellent slide-rest were given in that 
year in a French encyclopedia. As early as in 1741, 
Hindley, a York clock-maker, produced a screw-cutting 
lathe ‘with change gears. This, of course, was a very 
small machine, and in fact the clock-makers of that 
day seemed to have a monopoly of mechanical in- 
genuity. Attempts to produce machinery to replace 
the work of human hands wero made early; thus, for 
example, in 1732 Wyatt endeavored to make a machine 
for cutting files, but was not successful. 


The Admiralty has directed that all possible pre- 
cautions are to be taken to prevent any leakage or 
discharge of oil fuel into the waters of any port. 
A ship due for the periodical survey of hull, and 
requiring to empty her oil fuel tanks for this pur- 
pose is, before proceeding up harbor at any of the 
home ports, to communicate with the captain of the 
dockyard and naval store officer, so that the necessary 
arrangements can be made. If arrangements are made 
for an oil storage vessel to be went to such ship, as 
much of the fuel as possible is to be discharged into 
her, care being taken to avoid leakage overboard from 
hoses and connections. The ship fs then to flood 
tanks, and, if practicable, proceed to sea to pump 
the oil and water overboard; otherwise she will an- 
chor outside the harbor as directed, in such a posi- 
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tion that the oil is carried well out to sea, pumping 
only taking place at ebb tide. The flooding is to be 
repeated as necessary until a working party can 
safely enter the tanks for bailing out the residue, 
and the ship is not to proceed up harbor until the 
tanks have been so far prepared for cleaning. 


SCIENCE NOTES. 

An English patent was recently granted to O. Naus 
of Breslau, Germany, for a gas suitable for filling 
balloons or airships. According to the patent, coal gas 
is passed through retorts containing incandescent 
masses of coke or other material at 1,000 deg. to 1,200 
deg. C. It is then admitted into chambers containing 
nickel or cobalt as catalytic materials at 250 deg. to 300 
deg. C. The water vapor formed is separated by cool- 
ing, and the gas again passed over incandescent ma- 
terials. The reactions upon which the process is based 
are: 

(1) + CH,=—2C + 2H,. 

(2) CO + 3H,— CH, + H,0O. 

(3) CH,= 2H, + C. 


A French biologist, Trabut, has made some experi- 
ments in hybridizing various oranges. In 1902 he ob- 
tained a new Mandarin orange by crossing the ordin- 
ary Mandarin and a bitter orange, and this hybrid, 
which has been cultivated: for eight years, has given 
a large number of varieties, the majority of which 
are sweet oranges, about 10 per cent only being Man- 
darins and bitters (Bigarade variety). Trabut con- 
cludes from his experiments that the Bigarade or 
bitter (Seville) orange can readily be crossed with 
the Mandarin, but not with the sweet orange; that 
its crosses with the Mandarin are fertile; and that 
the sweet orange, which is generally regarded as an 
independent species, is furnished by crossing a Man- 
darin (Citrus nobilis), and a Bigarade (Citrus Bigar- 
adia), the green color of the embryo characteristic of 
C. nobilis being persistent to this day in the deans 
with bitter fruits. 


In a paper published in the Astrophysical Journal for 
April, 1910, L. Bell gives the results of an attempt to 
discover the relations, if any, between the visible colors 
of the stars with the known facts regarding their 
spectra, and the varied series of tints recorded by 
many double-star observers. It is noteworthy that 
visual observations of isolated stars are less prolific in 
pronounced color record than those of double stars. A 
very casual study proves that there are no extraordi- 
nary colors among the most prominent stars, or in fact 
any which approximate in tint to the more refrangible 


portions of the spectrum. Careful analysis of the Pots- 


dam colors with the spectra obtuined at Harvard -Col- 
Tege Observatory shows that these very different sys- 
tems are in practical argreement. One peculiarity is 
that in every case of a double star where one com- 
ponent is described as blue, that is invariably the 
smaller star.. Moreover, most doubles having bluish 
companions have a conspicuously greater difference in 
magnitude than doubles of the same color, and the 
former have a large proportion of yellow primaries; it 
is also found that binary stars show no greater 
tendency toward such coloration of the companions 
than do double stars in general. “From this it is argued 
that all the colors observed in double stars are of 
purely subjective origin from contrast effect. An ex- 
tension of the inquiry to the cases of variations in 
stellar colors is proceeding. 
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FRIEND of the ScrENTIFIC AMERICAN’S donated a prize 
of $500.00 for the best simply-worded non-mathematical 
explanation of the ww. The was 

won by Lieut.-Col. G. D. Fitch, This essay, together 

with three others which were honorable 
was published in the columns of the ScTENTIFIC AMERICAN. 

As a result, so much interest was aroused in the subject of 

the Fourth Dimension that it seemed advisable to collect, in 

permanent form, the more meritorious of the 245 essays which 
were sent in from all parts of the world. 

The present work presents twenty points of view, all of 
them interesting and no two quite alike. Each essay is 2500 
words in length, reading Of one essay does not involve 
the reading Of the entire work, yet the entire book givesa 
comprehensive view of what the layman wishes to know 
about the Fourth Dimension. No abstract mathematics will 
be found in the volume. The essayists endeavor to explain 
the Fourth Dimension both by imagining the effect of trans- 
porting an ordinary third-dimenstonal human being into 

urth-dimensional space and also by explaining a third- 
dimensional man’s possibilities in one and two dimensional 
space. 

Proféssor Manning, the leading American authority on 
the subject of the Fourth Dimension, contributes an intro- 
duction in which he explains how the concept of the Fourth 
Dimension: gained mathematical prominence, and_ swiftly 
reviews the work that has been done in the He also 
essays and supplied explanatory footn where 
required, 
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TRADE NOTES AND FORMULZ. 

Flame Protection for Fabric ( Ladies’ life preserver), 
—One part of tungstate of soda, dissolved in 6 parts of 
water. Fabric impregnated with this solution will 
not blaze up, but will only char slowly, if exposed to 
fire. 

To Cut Glass.—Pass a hempen cord, soaked in tur- 
pentine, over the place where it is desired to cut the 
glass, light it and sprinkle the glass with cold water, 
whereupon a slight pressure will suffice go break it 
sharply along the line followed by the cord. 

Composition for Elastic and Acid Resistant Vessels 
(W. Kiel).—Ten parts raw caoutchouc, 5 parts sul- 
phur, and 10 parts of pumice stone, to which 2 parts 
oil and 0.5 part of beeswax have been added are 
worked like hard rubber between rollers, and then 
vulcanized for 10 to 14 hours under gradually increas- 
ing steam pressure. 

Water-tight Elastic Putty for Glass Roofs.—Melt 
together 2 parts of rosin and 1 part of tallow and 
rub them down together thoroughly with some red 
lead. In use, this putty is spread hot, on both sideg 
of strips of linen or cotton fabric, and these are laid, 
while the putty is still hot, with one edge on the iron 
sash frame and the other adhering about a quarter of 
an inch over onto the glass. 

Fireproof Moldable Mass of Cellulose.__Mix cellulose, 
fine sawdust or cork dust in a kneading machine with 
sufficient solution oi water-glass to produce a plastic 
mass, which is allowed to lie until it has attained suf- 
ficient consistency to permit of its being pressed in 
oiled molds. ‘I'he finished articles, architectural orna- 
ments, busts, etc., after drying in the air and receiving 
a coat of water-glass, can be painted or gilded as de- 
sired. 

Violin Rosin for Musicians.—Dissolve the ordinary, 
impure rosin in a glass retort with gentle heat in 
alcohol, allowing all the impurities to settle. The 
clear rosin solution decanted is poured into rain water, 
stirring it with a little stick, and the deposit of rosin, 
of the consistency of cheese, collected on a linen 
cloth and pressed out. The rosin is melted at a mod- 
erate heat, 1/20 of wax being added, and poured into 
little boxes for use. 

Gelatine Capsules for Filling with Fluids.—The 
capsules are made of the following mass: Water, 8 
parts; gelatine, 8 parts; sugar, 2 parts; gum arabic, 
1 part; dissolved in a water bath; in the lukewarm 
solution iron rods are dipped, the ends of which have 
a pear-shaped enlargement. The rods are oiled and 
the gelatine coating forme4 on them is detached and 
placed on a 


the desired liquid and sealed with a drop of the fluid 
mnass. 

To Coat Bilectrotypes with Steel (according to 
Incidinger ).—Dissolve 2 parts of green vitriol and 2 
parts of sal ammoniac in 8 parts of water and allow 
to digest with rustless iron for 2 days. The electro- 
type to be steeled is placed in a narrow water-tight 
receptacle opposite an iron plate that forms the cath- 
ode. The current is allowed to act for 5 to 15 minutes, 
the fluid in the meantime being kept in constant mo- 
tion. The plate, immediately after removal from the 
water, must be washed with water, then with soda 
solution, dried with a soft cloth and rubbed with a 
little oil, 

Nutritive Gelatine for Bacteria Culture.—Five parts 
of the best gelatine and 2 parts of Liebig’s meat 
extract are dissolved in 150 parts of warm, dis- 
tilled water, the solution brought to a boil, filtered, 
and run into test tubes exposed immediately before to 
a high degree of heat. These are then closed with 
plugs of cotton wool previously exposed for a long 
time to a temperature of 150 deg. C., and allowed to 
stand undisturbed for four weeks. Only such gelatine 
as remains during this period, perfectly clear, is avail- 
able for pure cultures, while any that reveals dotted 
cloudiness is boiled again, run into fresh tubes and 
again subjected to the four weeks’ conservation test. 
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